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". . . the present deployment of weapons and 
forces in Europe makes it possible that even if 
violence erupts accidentally, it is likely to es- 
calate very rapidly. In particular, the presence of 
large numbers of nuclear weapons in Europe is a 
major factor in making such rapid escalation 
likely." 

This is one of the conclusions reached by a Pug- 
wash symposium held last year in Cracow. This view, 
generally subscribed to by scientists from eastern and 
western Europe, points up the dangers we face in the 
realm of arms control. 

In the January issue of the Bulletin Dr. Bernard 
Feld wrote: without effective means of preventing 
the independent development of nuclear weapons by 
capable nations, and without effective safeguards 
against the diversion of nuclear weapons materials 
...;'( will be impossible to prevent nuclear weapons 
falling into irresponsible hands. 

Treaty Review Conference 

We are now approaching the Nuclear Non- 
Proliferation Treaty review conference. This con- 
ference could be crucial, for if it fails to deal with 
these problems then the drift toward accidental 
disaster will accelerate and the final disaster will 
become increasingly inevitable. 
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Peace Under Pressure 

But one of the frightening conclusions reached by 
the gathering of eminent scientists, many of them 
Nobel Prize winners and academicians, at Cracow, 
was that the armaments race and nuclear prolifera- 
tion are not fundamentally due to conflict between 
nations. Rather, there are vested interests in military 
and industrial circles in every nation which drive 
their nations into the dangerous path of arms 
escalation. 

Doves Unite 

Some effective force must identify these interests 
and present the case for peace. There must be a 
forum for the doves to combine to press for their 
vested interest: peace and the survival of life on this 
planet. The forces of science and technology must 
speak out in a clear objective voice for peace. 

Such a forum exists. It is working and working ef- 
fectively, it is Pugwash, the group of scientists and 
concerned citizens who laid the basis for the Nuclear 
Non-Proliferation Treaty in 1968 and who continue to 
strengthen it now. 

Danger For Pugwash 

But Pugwash itself is in danger. Dependent as it is on 
private donations, its financial base has always been 
insecure. Now it faces disaster. Inflation and the 
drying up of grants have taken their toll and this 
situation cannot continue. Pugwash may be the best 
hope for peace we have. Pugwash needs the support 
of doves everywhere — Pugwash needs your support. 

Friends In Need 

Now is the time when Pugwash is most needed by a 
world deteriorating into chaos; and now is the time 
when Pugwash's need is greatest. You can help by be- 
coming a Friend of Pugwash. As a Friend you will be 
kept up to date on Pugwash meetings and publica- 
tions. Your contributions, of course, will be fully tax- 
deductible. 

A $100 donation enrolls you as a Friend of 
Pugwash. Students and those unable to contribute 
$100 can enroll as associate members for $25. Please 
don't delay. Fill out the coupon or send your check 
with the information requested. 
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LETTERS 



A Critique 

My congratulations for your fine 
editorial, "The Lessons of Watergate" 
by Samuel H. Day, Jr. (Bulletin, March 
1975). The recent confirmation of 
American subversion of the Allende 
government in Chile further supports 
your position. 

In the past I have been critical of the 
Bulletin for not being more outspoken 
politically and for not publishing more 
and better written reviews of the in- 
creasing number of books on science 
and public affairs. Recent issues of the 
Bulletin answer the first criticism. I 
hope something can be done about the 
second, for incisive reviewing helps 
raise the level of discourse. 

As an historian of science let me add 
that the lUillctin's historical series. ".-Ml 
in Our Time," dealing with the de- 
velopment ol the atomic bomb, is in- 
deed valuable. 

Harold Fruchtbaum 
School of Public Health 
Columbia University 
New York. N.Y. 

The Scientists' Role 

In his letter to the editor (Bulletin, 
Feb. 1975), Olaf Tellefsen criticizes 
scientists for lacking "the backbone to 
take a firm position on current world 
problems and force the government to 
comply." 

Tellefsen assumes that scientists 

agree about what the problems are 
and how they should be resolved. But 
that has never been true in the jjast, 
nor is it true today. Fritz Haber be- 
fieved that in time of war a scientist's 
duty was to help his country win even 
if it required that he invent poison gas 
and administer its use. Sir Humphrey 
Davy believed that while govenments 
may be at war, "the men of science are 
not." Who should speak for science 
today, Wigner and Teller or Pauling 
and Wald? 

1 here is but one bond that unites 
scientists. It is the work they do as sci- 
entists. Tellefsen seems to think it is 
different with garbage collectors and 
coal miners, but it is similar with them. 
Garbage collectors and coal miners 
agree about wages, working condi- 



tions, and the efforts they must make 
to achieve these. Scientists agree about 
the need to support research. Ihese 
are positions derived from work inter- 
ests. To take a firm position on current 
world problems is a political matter. 
Political judgments are not defined by 
occupation. Would Telleisen's engi- 
neering colleagues agree with him in 
his pohtical judgments!* They are in a 
better position than scientists to exact 
terms from the government. Should 
the engineering fraternity decide to 
put pencils down, the development of 
new horror wf.ijxnis would come to a 
halt. Is it reasonable to expect this to 
happen? 

All of us, scientists and non-scien- 
tists, must make sane, humane com- 
passionate political judgments if we 
are to survive. Scientists can help the 
rest of us by informing us in a lan- 
guage we can understand so that we 
will join together to stop the constant 
growth of overkill before the clock 
runs out. 

The Bulletin has made an invaluable 
contribution to this etibrt. 

Lazer Goldberg 

Hofstra University 
Hempstead, N. Y. 

Energy for Fertilizer 

Amory Lovms' comprehensive arti- 
cle on world energy requirements 




("World Energy Strategies." Bulletin, 
May-June, 1974) contained a claim 
thai by ihc vcar 20()(). world nitrogen 
fertilizer need would be 800 billion 
kilograms per year, yielding an energy 
requirement equal to 20 percent of 
present world energy production. 

There must have been an error 
somewhere in Lovins' lakulations 
since 800 billion kilograms of nitrogen 
would require covering all of the 
world's arable surface with almost 550 
kilofrrams of nitrogen per hectare. 
Based on current usage rates, and rec- 
ognizing the upper limits to increased 
fertilizer use on any given hectare, a 
more realistic estimate of use in the 
year 2000 would fall in the range of 
100- 150 billion kilograms of nitrogen. 

To add fuither perspecti\e. the 
United States currently produces and 
uses about 20 percent of the world's 
nitrogen supply. It requires about 2 
percent of the total natural gas supply 
of the United Stales to produce this 
nitrogen plus all ammonia produced 
for other uses. Using current technol- 
ogy, a 5U percent expansion in nitro- 
gen production would require an ad- 
ditional one percent of the present 
U.S natural gas supply. Energy is 
required to produce ferlili/er. but 
hardly so much that energy will be llie 
fertilizer problem. 

John R. Douglas.Jr. 
David A. Patterson 

Tennessee Valley Authority 
Knoxville. Term. 

riif iiiitliiir )r/ilir\: Dcjuj^ias and Pat- 
terson are right to suggest that world 
consumption of nitrogen in fertilizer 
will in fact be less than 800 billion kilo- 
grams per year in the year 2000. My 
own guess is 30 to 100 billion kilo- 
grams [>er year for a population of 
three to five billion, assuming only 
moderate discontinuities meanwhile. 

The approximately 800 billion kilo- 
grams of nitrogen per vcar mentioned 
in my pa]>er, hc^we\ er. is noi a com))u- 
tational error. It can be derived nai\ c- 
ly by extra|x>lating recent nitrogen 
consumption at exponential rates 
sli^tly below those prevailing in the 
mM- 1960s, or more rationally by com- 
bining projections of new crops, areal 
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David Oinsmore Comey is director of environmenfal research for Busi- 
ness and Professional People for the Public Interest, a non-profit corpo- 
ration in Chicago which is involved in solving urban and environmental 
problems. 

Shortly after I delivered my testimony on nuclear plant unreliability to the 
Federal Energy Administration in September 1974 {Bulletin, Nov. 1974), the 
Nuclear Regulatory Commission — the federal agency that is the regulatory 
successor to the AEC — started "improving" nuclear plant capacity factors by 
switching from the traditional basis of "design capacity" to a new concept 
called "maximum dependable capacity" (MDC). * 

For example, the Palisades (Mich.) nuclear plant, although designed to 
produce 821 megawatts of electricity, was reduced to 700 megawatts by 
switching to MDC; Turkey Point (Fla.) units 3 and 4 similarly metamorphosed 
from 745 megawatts each to 666. 

"Maximum dependable capacity" is defined by the NRC as a plant's net 
output during the most restrictive seasonal condition for condenser cooling 
efTiciency. This usually occurs only for a short time during the hottest month of 
the year, but the NRC applies it to the entire year of the plant's operation, 
which is like computing a golfer's handicap solely on the score he got during 
a New Year's Day blizzard while hung over. 

Any Soviet factory manager would instantly recognize MDC as an imple- 
mentation of the time-honored technique of "overfulfilling the norm" by set- 
ting the norm below expected production. 

As a result of using MDC, the NRC managed to have four nuclear plants 
running at more than 100 percent capacity factors during December 1974. 

For the 28 nuclear plants larger than 100 megawatts that operated com- 
mercially throughout 1974, the NRC's average capacity factor, weighted by 
megawatt capacity, is 54.4 percent using MDC. Computed using the accept- 
ed definition of capacity factor, these plants had a weighted average of only 
52.4 percent. The comparable 1973 average was 58.4 percent, so their 1974 
record was worse. 

If NRC continues this fiction, the 1975 figures will show an even greater 
spread: (1) nearly all the new plants coming on line are taking advantage of 
MDC to "derate" themselves; and (2) only 4 of the above 28 plants have so 
far significantly increased their capacity factors by using MDC, and the ma- 
jority seem blissfully ignorant of its possibilities. 



'Capacity (actor is normally calculated by dividing the electrical megawatt-hours 
produced by a plant during a given time period by the product of the design capacity 
of the plant (in electrical megawatts) times the number of hours in the same time peri- 
od. Capacity factor is thus a measure of the electricity actually produced by a plant 
compared to what it could Have produced. 



expansion, and areal intensification 
with observed diminishing returns in 
nitrogen takeup (saturation is typically 
at about 500 kilograms ol nitrogen per 
hectare per year in temperate agricul- 
ture) and with increased nitrogen 
runoff in rainy areas. 

Various technological optimists 
have presented similar pro|ections. 
Roger Revelle. tor example, envis- 
ages—admittedly somewhat after the 
year 2000 — cultivating 5 billion hect- 
ares for food (and a tenth as much for 
non-food crops) at roughly the inten- 
sity of the Iowa corn farmer or the 
West (lerman farmer, that is, about 
130 kilograms of nitrogen per hectare 
per year.' This would imply a world 
total of about 700 billion kilograms of 
nitrogen per year, which I think is 
ecologically, economically, and logisti- 
cally implausible. 

Douglas and Patterson, taking the 
presently cultivated area of about 1 .4 
billion hectares, derive an intensity ol 
about 550 kilograms of nitrogen per 
hectare |x;r year. Clearly if the poUni- 
liiilh arable total of about 3.2 billion 
hectares were considered instead, the 
intensity would be about 250 kilo- 
grams of nitrogen per hectare per 
year, well below saturation for many 
crops. 1 do not say that this is credible 
or desirable, but many other jjeople 
think it is; I merely repeat their cu- 
rious notions. 

deorg Borgstrom agrees that "If 
energy-intensive farming of the kind 
practiced in the United States, the 
United Kingdom, and parts of the 
Nordic countries were applied world- 
wide and were to give the present 
world |x>pulation a corres|X)nding 
nutritional standard, this would re- 
quire some 35 to 40 percent of the to- 
tal world energy account. This is com- 
pletely beyond the realm of possibil- 
ity"*— and hence, together with many 
other constraints, leads me to think 
that the U.N. population projections 
ba.sed on declining mortality rates are 
unrealistic. But that is another paperl 
Amory B. Lovins 
Friends of the Earth Ltd. 
London, England 

1. Revelle. U.N. paper. F.,C:ONF fiO'SV.M aulumii 
1(173. 

2. BorHslroiii. .Imhw. 2:6 ( 1 973). 214. 

Pistons vs. Turbines 

I read with interest James Cicarelli's 
article "Whatever Happened to the 
Turbine Car" in the December 1974 
issue of the Bulletin. The Ford Motor 
Company would agree that the tur- 
bine has the potential of becoming the 
passenger car engine of the future; 



however, it is by no means ready yet, 
despite our many years of research. 
We have had, and are continuing to 
have, a major research effort to de- 
velop a satisfactory passenger car tur- 
bine. However, the development of a 
satisfactory passenger car turbine is a 
difhcult problem as it involves the de- 
velopment of new materials. 

I'd like to make clear our approach 
at Ford. First I wish to state that I was 
disturbed at the conclusion that the 
automotive industry had "forsaken the 
turbine car" t)ecause of "(1) the vested 
interest Detroit has in the piston en- 
gine, and (2) the make-up of the U.S. 



auto industry, which, by its very na- 
ture, discourages innovation." This is 
simply not so. The fact is that we are 
actively pursuing several innovative 
alternative engine programs. 

Ford has had a very substantial re- 
search program on passenger car tur- 
bines since the early 1950s with the 
exception of a three-year period start- 
ing in I960 when our major effort was 
on a large turbine for military applica- 
tion. In 1966 F'ord had a passenger car 
turbine engine running in a Thunder- 
bird which did demonstrate good fuel 
economy at high speed. However, fuel 
economy was significantly deficient in 
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city-suburban type driving compared 
to the piston engine of that day, and 
the cost of engines in volume produc- 
tion would have been more than twice 
that of the 1966 piston engine. To our 
knowledge, no passenger car turbine 
engine has since been demonstrated 
that significantly improves on that 
1966 engine in fuel economy or cost. 

In 1967 Ford made the decision that 
in order to attain fuel economy signif- 
icantly better than the piston engine, 
operating temperatures would have to 
be raised to 2,500 degrees Farenheit 
from the 1.900 degrees then attain- 
able. As the superalloys used would 
only provide a 1,900 degree capability, 
this meant that alternative materials, 
such as ceramics, had to be investigat- 
ed and methods of fabricating them 
developed. Since 1967 the majority of 
our passenger car turbine effort has 
been devoted to development of ce- 
ramics to replace the superalloys and 
we believe that this approach will solve 
both the fuel economy and cost prob- 
lems. Since 1971 approximately half 
of this effort has been supported by 
the Department of Defense at an an- 
nual rate of about $2.5 million. 

Cicarelli's article indicated that 
emission of oxides of nitrogen is an 
extremely difficult problem and we 
would agree. However, recent labora- 
tory tests at Ford give high confidence 
that the most stringent nitrogen oxide 
emission requirements can be met 
with careful further development 
even for the 2,500 degree engine. One 
of our competitors has recendy an- 
nounced that under laboratory condi- 
tions it has also met these low nitrogen 
oxide requirements at the lower oper- 
ating temperatures. 

We believe that in order for the tur- 
bine to be viable from an environmen- 
tal, energy, and economic point of 
view, it must have fuel economy at 
least equal to other alternative power 
plants. It must be able to meet the 
most stringent emission requirements, 
and attain a cost level reasonably com- 
parable to a fully emissionized piston 
engine. To attain these objectives will 
take several years and several million 
dollars, an effort that represents a con- 
siderably faster rate than we can allo- 
cate at this time to a high risk venture. 
Successful engine development would 
be followed by four years of facilities 
development and tooling which means 
that one should not expect to see a 
passenger car turbine in production 
before the mid-1980s at the earliest. 

Further, if any new engine were to 
completely supplant the piston engine, 
it would take at least 10 years after the 
start of production for a complete 




changeover. It is probable that nei- 
ther the machine tool industry nor the 
American economy could support a 
faster rate of change. We can, there- 
fore, expect to see the piston engine 
around for a good many years. In the 
meanwhile, there are significant im- 
provements in piston engines coming 
along that approach the potential of 
the turbine, such as certain versions of 
the stratified charge engine. 

In summary, the turbine engine 
does offer real potential for passenger 
car application. The road to get there 
will be long and costly but I wish to 
assure your readers that our alleged 
"vested interest in piston engines" is in 
no way a barrier to our effort. 

Harold K. Sperlich 

Vice President 

Product Planning and Re.search 
Ford Motor Company 

The fiiilhiir iv/ilii-s: By the mid-196()s, 
Chrysler believed, as evidenced by its 
published materials, that the turbine 
engine was economically feasible, if 
not in passenger cars, at least in trucks, 
buses, and select military vehicles. Had 
Chrysler gone into even a limited tur- 
bine production then, the 10 years 
Sperlich suggests are necessary for the 
successful development and retooling 
for a passenger turbine car would 
have elapsed by now-, and society could 
be presently enjoying the benefits of 
this innovation. Instead, it will be, by 
Sperlich's own admission, the mid- 
1980s at the earliest before one can 
expect a mass-produced turbine car. If 
that isn't an example of technological 
inertia, I don't know what is. 

James Cicarelli 
State University of New York 
Oswego, N.Y. 

Nuclear Flack 

I strongly object to such 'political 
puffery' as the A. Robert Smith article 
on Mike McCormack ("The New Sci- 
entist-Advocates," Bulli'liii. Feb. 1975). 
If this reporter is familiar with the 
Northwest, as you state, he knows that 



the representative from Hanford is a 
dedicated flack for the nuclear estab- 
lishment. 

Presendy, he is pushing for Han- 
ford to be the nation's first nuclear 
waste depository using concrete- 
wrapped canisters. On Feb. 4, 1975 he 
spoke to the Washington State Legisla- 
ture extolling the nuclear power in- 
dustry and discounting any criticism as 
scare stories. He sounds remarkably 
like another Washingtonian salesman 
for the industry, Dixy Lee Ray. 

Before McCormack went to Con- 
gress, he was very busy pushing legis- 
lation favorable to the utilities and 
unfavorable to the citizens. 

We citizens of Washington state are 
seemingly slated to be the base for 
nuclear plant proliferation for power 
sales outside the state. Our politicians 
are willing to have the Hanford area 
become a massive nuclear park. We 
citizens have no voice in the decisions, 
for the utilities, both public and pri- 
vate, control the legislature. 

Last June we wrote a plank in the 
state Democratic party platform advo- 
cating a moratorium on nuclear plant 
construction until safety and siting 
problems were resolved. Most promi- 
nent in the stifling of any public de- 
bate on this matter were the campaign 
managers for Mike McC^ormack. We 
had to agree to vote without debate on 
this matter and upon winning, we were 
personally vilified by McCormack's 
home county delegates! 

Energy bills sponsored by our man 
from Hanford still send the lion's 
share of funds to the nuclear establish- 
ment. When that changes — or when 
McCormack votes for abolition of the 
Price-Anderson Act — I'll begin to be- 
lieve his rosy statements of our good 
fortune in having "our nuclear indus- 
try as well advanced as we find it to- 
day, ready to provide much of the 
energy this nation will need during the 
next 50 years." 

Margaret Yeoman 

Anacortes, Wash. 

A Question 

I have been an avid reader of the 
Bulletin since it began. But how did 
that joker. Kolodiv ("Velikovskv: Par- 
adigms in Collision," by George Kolo- 
diy, liullelhi, Feb. 1975), get into this 
last issue with the ghost of Velikovsky? 
May we assume that since the disap- 
pearance of Dr. Rabinowitch the cur- 
rent editor is not a scientist? 

Carl O. Dunbar 

Dunedin, Fla. 

Editor's response: The current editor 
is a journalist, as was the late scientist 
editor-in-chief, Eugene Rabinowitch. 



4 



EDITORIALS 



Making the world safe for plutonium 



BERNARD T. FELD 

Thirty years ago, the atomic scientists— fresh 
from their experiences of the wartime atomic bomb 
projects— warned the world of the dangers of the 
proliferation of nuclear weapons. In their naivete, 
they proposed the creation of an international 
atomic energy authority, which would have an ab- 
solute monopoly over all nuclear energy programs, 
as a means of ensuring the universal availability of 
the benefits of nuclear fission while avoiding the 
spread of its capacity for destruction. 

The world was then not ready for such a drastic, 
though logical step. Since then, even as the benefits 
of peacetime nuclear power have been much slower 
in arriving than was predicted by the early enthu- 
siasts, so also has the numhc^r of nuclear-weapons 
states grown less rapidly than the spread of tech- 
nology would have permitted. However, the re- 
straints which have been exercised by most of the 
nuclear-capable nations — be it for economic or po- 
litical reasons — have not been matched by the so- 
called great powers. Their nuclear arsenals have 
been growing at an accelerating pace, while the 
doctrines which have until now inhibited their use 
are being insanely eroded by the siren songs of tiie 
advocates of limited nuclear war. 

Indeed, those who believe that the past self-im- 
posed prohibitions, against nuclear weapons pro- 
duction and their use, are likely to be maintained 
in an age of growing dependence on nuclear power 
are living in a nuclear fool's paradise. The inter- 
national arrangements upon which this hope has 
been based— the Nuclear Non-Proliferation Treaty 
(NPT) — has been woefully inadequate for its pur- 
poses. Only 82 nations have so far ratified it, and 
these do not include such technically-capable coun- 
tries as Brazil, Egypt, India, Israel, and Japan — not 
to speak of France and the People's Republic of 
China. Even among the 16 who have signed but not 
yet ratified the NPT— for example the twice- 
burned Japanese— there are growing internal argu- 
ments against ratification, on the pretext of keep- 
ing open the nuclear weapons option. Pressures on 
the nonproliferation dam are growing; last year's 
test on a nuclear device by India is perhaps the 
most obvious crack, but there are numerous fis- 
sures, visible to all who bother to look. 

The greatest dangers come from the rapidly 
growing proliferation of nuclear technology to all 



corners of the globe and, especially, the growing 
rate ot production and availability of plutonium as 
an inevitable concomitant of most peaceful nuclear 
power programs. Plutonium, an unstable element 
not normally found in nature, is produced as a by- 
product in any nuclear reactor containing either 
normal or somewhat-enriched uranium. The rate 
of its production depends on the type and design of 
the reactor. Since the bulk of the plutonium pro- 
duced could be re-used in the power cycle, as a sub- 
stitute for the rare component of uranium (that is, 
uranium-235, which is present in normal uranium 
in the proportion of only one part in 140), upon 
which the power production depends, it is generally 
regarded as economically advantageous to produce 
as much plutonium as is feasible in a given reactor. 
Furthermore, since plutonium is a different ele- 
ment from the uranium from which it is derived, its 
separation from tiie parent uranium can be 
achieved by relatively simple chemical techniques 
(albeit greatly complicated by the presence of vast 
quantities of radioactive products from the fission 
of the original fuel in the reactor). In contrast, the 
separation of the fissionable uranium-235 from the 
bvdk of normal uranium (uranium-238), in which it 
is present in natural sources, requires extremely 
difficult and power-consuming physical processes. 

However, two problems arise in a nuclear power 
cycle which involve the production and recovery of 
plutonium. First, plutonitmi is one of the most poi- 
sonous substances known; the ingestion of only a 
few millionths of an oimce can prove fatal to the 
unlucky individual concerned, although its lethal 
effects take some time to manifest themselves. 
Second, plutonium can be used to make nuclear 
weapons. 

Until now, the production of plutonium (and 
highly enriched uranium-235) has been confined to 
a handful of technically advanced nations, wfaidi 
together are {ttodudng a few tens of tons per year 
(enough for a few thousand bombs). Although most 
of this is confined to the nuclear-weapon states, and 
associated with their weapons programs, there are 
a number of non-weapon states (e.g., India, Federal 
Republic of Germany, and Israel) in which the pro- 
duction capabilities are non-negligible. Many, but 
by no means all, of the peacetime power programs 
are currently subject to the "safeguard" controls of 
the International Atomic Energy Agency (iaea) 
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under a sort-of laissez faire arrangement in which 
each nation negotiates with the iaea a separate 
agreement for the safeguarding of the fissionable 
materials in certain plants, in which the Agency's 
role is partly that oi inspector and partly that of 
supervisor or verifier of national inspection sys- 
tems. 

Within its limitations, the current iaea safe- 

■juard system operates as effectively as can be ex- 
pected; the agency group is technically competent 
and devoted to its tasks. But what is just barely op- 
erable in 1975 will be hopelessly inadequate in the 
coming decades. Instead of requiring the saf eguard- 
ing of plutonium and uranium programs in the 
non-weapon states which are capable of producing 
some tens of bombs per year, current projections 
call for safeguarding nuclear power programs pro- 
ducing enough plutonium — in the developing world 
alone — for some 1,000 bombs per year in 1980 and 
around 30 times more in the year 2000. (The pro- 
duction in the developed nations is expected to be 
approximately 7 to 10 times greater.) At the same 
time, we are witnessing a fierce competition among 
the nuclear developed countries to sell nuclear 
tedmology, plants and equipment in the developii^ 
world, with little if any regard to the inevitable 
consequences for nuclear weapons proliferation. 

There are many who believe that we have al- 
ready passed the point of no return, as far as nucle- 
ar weapons proliferation is concerned. Indeed, some 
so-called military strategists in the West even pro- 
fess to find some virtue in inevitability. But I be- 
lieve that prudent and peace-loving individuals and 
governments cannot accept this view. Instead, all 
possible efforts must be concentrated on devising 
and effectuating measures for strengthening the 
nuclear floodgates. 

The inunediate target of such efforts should be 
the conference convened by the United Nations in 
Geneva this month to review the status of the Non- 
Proliferation Treaty. Assuming that the major nu- 
clear powers can achieve agreement on measures to 
strengthen the NPT, and to bring into its regime 
those nations still remaining outside, much could 
be accomplished in Geneva. 

The required measures include: 

1. An unconditional agreement among all the 
nuclear "haves" to refu.se any assistance in the nu- 
clear realm to any nation not adhering to the NPT. 

2. An agreement that all plutonium processing— 
from its extraction from the spent reactor fuel ele- 
ments through its processing and final fabrication 
into new fuel elements and their installation into 
the nuclear reactors — shall be performed in a very 
few, centralized, heavily protected and guarded 
international facilities under the strictest possible 
international control. The same measures are re- 
quired for highly-enriched uranium-235 and, even- 
tually, for the production of uranium-233, which 
can be bred from thorium in nuclear reactors. 

3. A thorough rerexamination of current nuclear 
programs, with a view to minimizing dependence 



on fuel cycles which require the recycling of pluto- 
nium or the production of uranium-233 or very 
highly enriched uranium-235. The widely-held idea 
that the economics of nuclear enei^ demand the 
conversion of uranium-238 into plutonium may, in 
fact, be a myth — especially if nuclear fission energy 
is regarded as an interim solution that is needed to 
tide us over a temporary energy crisis for the re- 
mainder of this century. 

Thus, emphasis should be placed on the develop- 
ment of reactors utilizing natural uranium, and on 
schemes which permit the storage or burial of the 
spent fuel elements without the extraction of the 
plutonium. Heavy water and graphite moderated 
reactors are especially suited to such practice, and 
appear to be economically competitive. Most espe- 
cially, the reliance on a nuclear energy cycle in- 
volving "breeder" reactors should be strongly dis- 
couraged. 

The adoption of such measures, as an integral 
part of the NPT regime, will not be easy. The pres- 
sings are all in the opposite direction— toward in- 
creased nuclear anarchy and a loosening of con- 
trols. It will be necessary for the nuclear "haves" to 
pay a price, both economically and politically. Aid 
in their nuclear programs to those developinfr na- 
tions that accept the NPT will need to be generous; 
accessibility to the internationally-controlled facili- 
ties will need to be guaranteed to all qualified and 
reasonable users; and political measures will need 
to be devised and implemented for assuring the 
security against nuclear attack or blackmail to 
those countries that willingly forego an independent 
nuclear weapons capability while the nuclear super- 
powers will need to accelerate their own nudear 
disarmament. 

Unfortunately, the advanced nations, whose uni- 
fied acceptance of a program such as outlined above 
is essential, do not now appear to be thinking or 
moving in this direction. And time is running out. 

Clearly, the strongest public pressures are re- 
quired on the governments concerned, to convince 
them to approach these problems with the serious- 
ness that IS called for by the present situation. If 
such pressures can be mobilized in time, it may 
still be possible to reverse the trend— to rescue the 
NPT review conference from the disastrous sham- 
bles toward which it now seems to be heading. 



The nuclear debate 

FRANK von HIPPEL 

Nuclear power has become the focus of a great 
controversy over the past few years — and the de- 
bate has become increasingly polarized into an all 
or nothing battle. 

On the one side a coalition of nuclear opponents 
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has developed, with Ralph Nader as its chief politi- 
cal spokesman and with a number of very able and 
articulate scientists as technical advisors; it incor- 
porates the new attitude of awareness and concern 
achieved by the environmental movement. This 
coalition sees in nuclear power the potential for 
catastrophic accidents and sabotage at nuclear 
power plants, for diversion of nuclear materials 
into the manufacture of terrorists' weapons, and for 
the pollution of the environment with l<mg-Iived 
radionuclides - plutonium in particular. During the 
past months, this coalition of nuclear opponents 
has finallv made the mass media aware of the is- 
sue—and we have had story after story on the perils 
of nuclear power. 

On the other side are arrayed the Administra- 
tion, the utilities, the reactor manufacturers, and 
another group of independent scientists for whom 
Hans Bethe, the Cornell physicist, has recently 
emerged as the most respected spokesman. This 
group believes that the hazards of nuclear power 
can he contained and that, even with current tech- 
nology, the perils of going ahead with nuclear 
power are much less than those associated with not 
going ahead — and now we have the supporters of 
nuclear power mounting a new public relations 
offensive. 

One fortunate result of the debate is that many 
of the impoitant yjroblems of nuclear power are now 
receiving much more attention from the new Nu- 
clear Regulatory Commission— and from the tech- 
nical community as a whole— than they have re- 
ceived in the past. An unfortunate result is that 
these gains will be lost if the process of polarization 
continues to the point where everyone who enters 
into the debate is forced to choose between just two 
extreme positions: Stop nuclear power or let the 
current technology proliferate without improve- 
ment. Many of the statements from both sides have 
been put in essentially these terms, and have 
therefore served more to confuse than to educate 
the public about the true degree of risk from nucle- 
ar power and the possibilities which exist for reduc- 
ing the risk. 

There is a strong case to be made for nuclear 
power. It is not at all certain that we can do with- 
out it — at least for the near future. Furthermore, 
the dangers associated with oil and coal may he 
even greater than those from fission power. Of spe- 
cial concern are the international instabilities asso- 
ciated with the oil economy and the devastating 
climatic changes which might result from our ever- 
increasing consumption of fossil fuels— coal in par- 
ticular. Obviously our enei^ consumption has 
reached a level where, with our current arrange- 
ments at least, the side-effects associated with its 
production pose many major hazards to the social 
order and the world environment. 

At the same time, it is obvious to every knowl- 
edgeable person that our current nuclear energy 
system is far from its practical technological limits 
in achieving the goals of safety and environmental 



compatibility. In the past nuclear power policy has 
been made largely on an ad hoc basis in the tradi- 
tional manner of our society. Now, the growing 
strength of public opposition to nuclear power 
would seem to indicate that the technology may 
well not be accepted unless the 'big issues' are ad- 
dressed fix>ntally. Improvements will have to be 
made both in the technology and in its regulation if 
nuclear energy is to be made much more demonstra- 
bly safe. 

Many such improvements have been suggested in 
the past — ranging from the underground siting of 
nuclear reactors to the elimination of their long- 
lived radioactive wastes by recycling. When these 
possibilities were suggested originally, the old U. S. 
Atomic Energy Commission was reluctant to ex- 
plore them because of the increased costs which 
they implied and because of the belief that nuclear 
power was safe enough without them. Now that 
public acceptance may well have replaced economics 
as the primary obstacle to the deplosrment of nu- 
clear energy, it would be wise for the new Nuclear 
Regulatory Commission to look seriously into some 
of these proposals. 

It will not be possible to improve the safety and 
environmental compatibility of nuclear power — or 
any of our other major energy technologies — un- 
less we are able to slow the rate of their deploy- 
ment to a more measured pace, however. This means 
that we must reduce the rate of increase of our en- 
ergy consumption— and that can be done most easi- 
ly by increasing the efficiency of our enei^ use. It 
would be prudent, therefore, as our capital stock 
turns over, to replace automobiles, industrial equip- 
ment, heating plants, appliances, and buildings by 
more energy efficient systems. 

Unfortunately, current federal policy continues 
to put the emphasis on crash programs far more 
energy production based on projections of enormous 
increases in U.S. energy consumption in the near 
future. Improvements in safety and energy efficien- 
cy are still receiving relatively low priorities. Thus, 
in the Administration's budget for fiscal year 1976, 
approximately $400 million is proposed for the de- 
velopment of the liquid metal cooled fast breeder 
reactor (lmfbr) compared with approximately $50 
million for safety research on our current gen- 
eration of light water cooled reactors, and only $3 
million for "end use energy conservation research 
and development." 

The next phase of the nuclear debate should put 
more emphasis on what conditions a fission energy 
system would have to meet in order to be accept- 
able. And a much greater emphasis should be put on 
a campaign for new federal regulations designed to 
bring about improved energy efficiencies for our 
important enei^ consuming systems. In this way 
it might be possible to buy the time we need to 
improve the safety and environmental compatibil- 
ity of all of our energy sources. 

These are objectives on which all parties in the 
nuclear debate ought to be able to agree. □ 
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The spread of nuclear weapons 
Is the dam about to burst? 



Non-Proliferation Treaty in deep trouble as 
world hovers on brink of a new arms race 



THOMAS A. HALSTED 

"If we had known in 1968 how little the nuclear 
powers would do over the next six years to meet 
their end of the NPT bargain by controlling their 
arms race, I would have advised my government not 
to sign the Treaty." 

Thus spoke a distinguished former diplomat from 
a still non-nuclear country at an unofficial confer- 
ence held last September to discuss issues likely to 
dominate the May 1975 review conference required 
by Article VIII of the Treaty on the Non-Prolifera- 
tion of Nuclear Weapons (the NPT). 

The NPT resulted from a consensus between nu- 
clear and non-nuclear countries that the birth of 
more nuclear powers would lead inevitably to 
greater risks of nuclear war, and that therefore it 
would be in the mutual interest of all to devise a 
r^me which would prevent the 8i»«ad of nuclear 
weapons without denyii^; anyone the potential 
peaceful benefits of nuclear energy. Thus the 
Treaty which was drawn up in 1968 and took effect 
in 1970 is a compact— between the nuclear powers 
which committed themselves to end their arms 
race and work toward nuclear disarmament, and 
the non-nuclear powers which, in exchange for fore- 
going acquisition of nuclear weapons, could look 
forward to reaping the benefits of the peaceful uses 
of nuclear energy. 

Concern about the continued arms race between 
the nuclear superpowers is only one reason the 
NPT is in trouble today. Blame for the fragile con- 
dition of the Treaty can be laid in many directions: 

• First, on the enormous worldwide appetite for 
nuclear-generated electric power, which brings 
with it vastly expanded opportunities for the diver- 
sion of plutonium and highly enriched uranium 
from peaceful purposes to the manufacture of weap- 
ons, both by irresponsible governments and by 
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nongovernmental terrorist or criminal groups. The 

worldwide energy crisis has added great momentum 
to this appetite for nuclear power, while tending to 
minimize concerns about its attendant risks. 

• Second, on the persistent notion that nuclear 
weapons bring greater security, a delusion held by 
non-nuclear as well as nuclear powers. 

• Third, on exaggerated claims for the potential 
benefits of nuclear explosions for peaceful purposes. ' 

All of these factors have combined to provide in- 
centives, or at least excuses, for a numerically 
small but important group of nations to stop short 
of ratifying the NPT. 

A year ago many observers had reason to believe 
that the NPT had come of age, and that the review 
conference was likely to be uneventful. Almost 10 
years had passed without the addition of another • 
nuclear power, 83 countries had acceded to the 
Treaty, and with the apparent resolution of prob- 
lems that had delayed their acceptance of Interna- 
tional Atomic Energy Agency (iaea) safeguards 
on peaceful nuclear programs, it appeared only a 
matter of time before a number of important hold- 
outs (West Germany, Italy, the Benelux countries, 
and Japan) would completie the ratification process. 

This optimism was, unhappily, premature. A se- 
ries of events which took place over only a few 
months' span have provided a sharp reminder of 
the fragility of the NPT regime: 

The Indian Nuclear Test On May 18, 1974, In- 
dia detonated her first nuclear 'device,' a 15-kil- 
oton explosive set oflF under the Rajasthan Desert of 
northwest India. Indian spokesmen insisted to the 
world that it was for peaceful purposes, and that 
she would never develop nuclear weapons. The test 
produced almost imiversal acclaim in India itself 
and grave concern and undoubtedly a reappraisal 
of nuclear options in Pakistan. But elsewhere there 
was sharp criticism only in Japan, Sweden, and 
Canada (which had provided the reactors which 
supplied the nuclear fuel for the Indian test), gen- 

Anti-submarine rocket capable of carrying a one-kllolCHi 
nuclear warhead catapults from a U.S. destroyer. 
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The Vladivostok agreement to work for a 10-year limitation on strategic offensive 
arms, rather than reducing the size of each side's arsenals, permits their increase and 
places almost no qualitative restraints on new weapon developments. It seems to be 
only an excuse to continue the arms race under new ground rules. 



eral approval or at least no criticism from China 
and the Soviet Union, and only mild clucks of dis- 
approval from the United States. 

What political leverage the United States might 
have exercised to discourage the Indian nuclear 
program all but evaporated after Secretary Kissin- 
ger's visit there in October 1974. In an October 28 
speech to the Indian Council on World Affairs in 
New Delhi, Kissinger seemed to give further offi- 
cial U.S. blessing to India's new status by calling 
on India to act responsibly in considering the ex- 
port of nuclear technology. Aside from demonstrat- 
ing that she could safely run the risk of momentary 
international disapproval, India gave renewed 
credibility to arguments in such countries as Ar- 
gentina and Brazil that peaceful nuclear explosives 
have a promising future. 

The Middle East Reactors. In June 1974 the 
Nixon administration announced that it had offered 
to sell Egypt and Israel each a 600-megawatt reac- 
tor to produce electric power. The announcement 
was coupled with the assurance that stringent safe- 
guards would be attached to the sales agreements, 
probably to include a requirement that the pluto- 
nium produced in the reactors would be returned to 
the United States for reprocessing, to prevent its 
possible diversion to weapxins production. 

For the first time since the NPT was signed, a 
nuclear power, party to the Non-Proliferation 
Treaty, had undertaken to supply to non-parties 
equipment capable of producing nuclear weapons 
materials in significant amounts. The Treaty does 
not prohibit such transactions, and American de- 
fenders of the deals are quick to point out the extra 
stringency of the safeguards provisions (applied, 
however, only to the reactors and the materials 
provided under this transaction, but not to any 
other nuclear facilities in the recipient countries). 
Nevertheless, the sales agreements have been 
strongly criticized, by many who view the infusion 
of major additions to nuclear technology in the 
Middle East as extremely dangerous, and by others 
who see them as not in keeping with the spirit of 
the NPT, or even as an outright breach of its provi- 
sions. 

In any event, it is difficult for a non-nuclear par- 
ty to the NPT not to consider the transactions to be 
discriminatory if Egypt and Israel, both non-par- 
ties, are asked to put only these particular installa- 
tions under safeguards, while non-nuclear parties 
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to the Treaty must place all nuclear facilities under 
safeguard. 

Superpower Summitry. Finally, the arms con- 
trol agreements last year between the United 
States and Soviet Union reached in July in Moscow 
and in November in Vladivostok are regarded as a 
sham by many non-nuclear powers. The 'thresh- 
old' test-ban treaty signed in Moscow in June, al- 
lowing both sides to continue testing nuclear weap- 
ons underground as large as 150 kilotons (10 times 
the size of the Hiroshima bomb) after March 31, 
1976, and even then permitting the continued test- 
ing of 'peacefbl' explosives of any size is viewed as a 
major step backwards. 

The Vladivostok agreement to work for a 10-year 
limitation on strategic offensive arms, rather than 
reducing the size of each side's arsenals, permits 
their increase, particularly of MIRV-laden missiles, 
and places almost no qualitative restraints on new 
weapon developments. It seems to be only an ex- 
cuse to continue the arms race under new ground 
rules. 

Taken together, the two events appear to many 
to be a shabby evasion of the two superpowers' NPT 
commitments to bring their arms race under con- 
trol and to "seek the discontinuance of all nuclear 
test explosions for all time." 

In September 1974, the Arms Control Associa- 
tion held a conference in Divonne, France. The 
events cited above as well as many other factors 
were considered at length by the 25 participants i 
that were present from countries and several inter- 
national organizations. They concluded that the 
NPT, "while far from perfect, is a useful and work- 
able instrument." They felt that performance under 
the Treaty had suffered more from failure to fully 
implement its provisions than from weaknesses in 
the provisions themselves. They made a number of 
concrete recommendations for action which should 
be taken to strengthen the Treaty.* 

1. The nuclear weapon parties should take seri- 
ously their obligations to work toward disarma- 
ment, in particular by reducing numbers of nuclear 
delivery vehicles, limiting further missile flight 
testing, and negotiating a comprehensive (not a 
threshold) nuclear test-ban treaty. They viewed the 

*NPT: Paradoxes and Problems, the report of the Divonne 
meeting, can be obtained from the Arms Control A.ssociation (11 
Dupont Circle, N.W., Washington, D.C. 20036). One to 9 copies 
are $1.50 each; 10 to 99, $1.00 each; over 100, $0.75 each. 
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Who will be next? 

In May 1 974 India became the sixth country to explode a 
nuclear device, 10 years after China became the fifth, and 
29 years after the United States first let the genie out of the 
bottle. What other notions moy be tempted to follow In- 
dia's example, and become the seventh, eighth, or ninth? 
How soon? What would a world of 10 or more nuclear 
powers be like? i ^ - , 

The fact that 83 nations have now become parties to the 
NPT obscures the fact that the list of those which have not 
includes all the countries which cause concern. These are 
the countries (in addition to China, France, and India) that 
have the greatest technical capabilities and political in- 
centives to go nuclear, and the countries which do not find 
the NPT solves their security concerns. 

At least seven countries — all non-parties to the NPT — 
have or soon will have the technical capacity to build nu- 
clear weapons, and may be under some political pressures 
to do so. These include: 

• Argentina 

• Brazil 

• Egypt (though Egypt hos signed the NPT, it is not like- 
ly to ratify it until Israel does so) 

• Israel 

• Pakistan 

• South Africa 

• Spain 

Six other countries clearly have the technical capacity to 
go nuclear, and have not yet ratified the NPT, but proba- 
bly have no present incentive to acquire nuclear weapons: 

• Belgium 

■ Federal Republic of Germany 

• Italy 

• Japan 

• Netherlands 

• Switzerland 

In addition, there are countries now party to the Treaty 
which might reconsider their support for the NPT and with- 
draw ot any time, after giving the requisite three months' 
notice, if they were to see new threats to their security. 



threshold treaty as a "disheartening step back- 
ward." 

2. To provide better security assurances for non- 
nuclear powers, nuclear weapons states should 
pledge themselves not to use or threaten to use 
nuclear weapons against non-nuclear states party 
to the Treaty; the establishment of nuclear-free 
zones should be encouraged. 

3. The benefits of peaceful nuclear explosives 
(PNEs) are questionable. A study should be com- 
missioned by the Secretary General of the United 
Nations of all the implications of such programs, 
and it was suggested that meanwhile a moratorium 
on further PNE tests should be imposed. 

4. Henceforth, provisions of nuclear supplies and 
technology should be made only to those recipients, 
whether or not parties to NPT, which agree to place 
all their nuclear facilities under iaea safeguards. 

5. Safeguards systems should be strengthened 
and made universal, with increased attention given 
to physical security applied to all materials. The 
problem of diversion of nuclear materials by terror- 
ists, organized criminals and other non-govern- 
mental groups should be given immediate atten- 
tion. 

Obstacles and Prospects 

Over the long run, implementing these recom- 
mendations could provide enough glue to hold the 
NPT together, but to do so will require overturning 
major obstacles all along the way. 

The United States and the Soviet Union view 
complaints about their lack of progress at SALT as 
exaggerated, and clearly think they have bought off 
objections to their lack of progress in curbing nucle- 
ar testing with their dubious threshold test ban. 
No-first-use agreements have little support from 
either (although France and China, both non-par- 
ties to the NPT, have each offered no-first-use for- 
mulations). Nuclear-free-zone proposals are being 
discussed again at the United Nations, but the only 
one likely to be in existence for some time is in Lat- 
in America — and there are notable holdouts in the 
case of Cuba, Argentina, and Brazil. 

Peaceful nuclear explosions remain a serious 
stumbling block. The more the nuclear powers dis- 
cover their uselessness, the more non-nuclear 
powers declare that the United States and the Sovi- 
et Union are looking for excuses to duck their NPT 
obligations to provide PNE services when the tech- 
nology becomes available. And India's example has 
given a powerful new impetus to PNE zealots in 
other countries considering taking that step. 

There is some reason to hope that domestic pres- 
sures in the United States will lead this country to 
adopt a more inclusive sales policy with respect to 
safeguards, but considerably more thought must be 
given to safety and security implications as nuclear 
power installations grow over the coming years in 
size, number, and geographic distribution. Other 
potential suppliers of nuclear materials and tech- 
nology also would do well to consider the long- 



range security and non-proliferation implications of 
transactions they might negotiate in the future. 

There was considerable uneasiness, for example, 
over the recent announcement that France will sell 
five large reactors to Iran. Although Iran is a party 
to the NPT and France, though not a party, has 
repeatedly stated that she would behave exactly as 
is she were, the size of the deal provoked serious 
concern. French sales of reactors or other nuclear 
facilities to a non-party in the present atmosphere 
could have grave implications for the future of the 
Treaty. 

Time is running out. More constructive action 
must be taken if more countries, disappointed by 
lack of progress toward disarmament by the nucle- 
ar powers, and seeking new ways to enhance their 
prestige and security, do not soon follow the Indian 
example. Otherwise the review conference this 
month may well be more a wake than a celebra- 
tion. □ 
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The problem of safeguarding nuclear materials 
in a world of malfunctioning people 



MASON WILLRICH 

So far in human history two acts of nuclear vio- 
lence have occurred in war and none in peacetime. 
The nuclear explosions over Hiroshima and Naga- 
saki brought World War II to a rapid end and made 
all too clear the disastrous consequences if man- 
kind failed to prevent this particular kind of vio- 
lence in the future. 

Since the end of World War II, the governments 
of a slowly increasing number of nations have test- 
ed nuclear explosives, and the United States and 
Soviet Union in particular have each developed and 
deployed a vast array of strategic nuclear arma- 
ments. Yet governments have managed thus far to 
avoid acts of nuclear violence. It has not been easy. 
The leaders of the world's most powerful nations 
have been preoccupied with the dismal subjects of 
deterrence, crisis management and arms control, 
while people in all nations have witnessed, as inno- 
cent bystanders, a number of close calls with ther- 
monuclear devastation. 
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There is substantial evidence to indicate that the 
relatively few governments which presently possess 
nuclear weapons go to great lengths to avoid their 
use in acts of violence. There is no evidence, how- 
ever, to support a conclusion that either govern- 
ments of nations, or human beings generally, are 
less prone to violent behavior than they were be- 
fore the discovery of nuclear fission. In this respect, 
a number of trends in the field of terrorism appear 
especially ominous. 

As a working definition of terrorism, I mean 
threats or acts of violence planned, attempted or 
carried out by an individual or group with a specific 
political intent in mind. The incidence of violence 
initiated by various terrorist groups seems to be 
increasing in many parts of the world. Moreover, 
terrorist groups are increasing their technical so- 
phistication, as evidenced by the armaments and 
tactics they use. Terrorist groups are also develop- 
ing transnational links with each other in order to 
facilitate the flow among countries of arms, ammu- 
nition and personnel. Finally, in an era of almost 
instantaneous global communications, whatever 
works as a terrorist tactic in one part of the world 
is likely to be picked up and possibly emulated else- 
where. 

The recent and abrupt end of an era of cheap oil 
has prof)elled the world community into the age of 
nuclear power. The transition from fossil to nuclear 
fuel to meet future world needs for electric power is 
already well under way. Over the past two decades, 
a number of governments have each spent billions 
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of dollars in nuclear power research and develop- 
ment. Electric utilities and equipment manufactur- 
ers in several countries have already invested bil- 
lions of dollars in operational facilities and addi- 
tional tens of billions are committed to power 
plants under construction. Nuclear power is pres- 
ently the only practical alternative to coal and oil 
for electric power generation. 

In light of the 1973-74 Arab oil embargo, and 
atmospheric pollution resulting from burning coal 
with existing technology, the need for an alterna- 
tive is obvious and urgent. And the economic at- 
tractiveness of nuclear power, despite rapid in- 
creases in capital costs of power reactors, is assured 
by the fourfold increase in world oil prices dictated 
by the Organization of Petroleum Exporting Coun- 
tries (OPEC) cartel. Thus, despite unresolved is- 
sues concerning the operational safety of nuclear 
power reactors, the environmental and radiological 
effects of large-scale nuclear industrial operations, 
and the risks of widespread nuclear weapon prolif- 
eration, I believe the trend toward nuclear power is 
irreversible. The basic issue is not whether we use 
nuclear power, but how to use it wisely. 

Key Facts 

How, then, does the development of a worldwide 
nuclear power industry affect the risk of acts of 
nuclear violence and the problem of preventing 
such acts? In order to weigh this question, a few 
key facts must be born in mind. 

First, nuclear explosives are relatively easy to 
make, assuming the requisite fissionable materials 
are available. Nuclear explosive devices can be 
made with a few kilograms of plutonium, high-en- 
riched uranium-235, or uranium-233 — a mass of 
fissionable material about the size of a baseball is 
enough. The yield of a nuclear explosive device will 
depend on the quality of the materials used and, 
most importantly, on the design. The design and 
fabrication of a simple, transportable, fission explo- 
sive is not a technically difficult task. 

Second, the effects of a nuclear explosion depend 
on the characteristics of the device and the target 
area. A crude, low-yield fission explosive, such as a 
terrorist group might be capable of constructing, 
could kill tens of thousands of people and cause 



hundreds of millions of dollars of property damage 
in an urban area. 

Third, the use of nuclear energy to generate elec- 
tric power inevitably results in large flows of plu- 
tonium, high-enriched uranium, and eventually 
uranium-233. The light water cooled reactor now in 
widespread commercial use requires low-enriched 
uranium fuel, which cannot be used to make a nu- 
clear explosive without further enrichment — a pro- 
cess too complicated and costly for a criminal or 
terrorist group to perform. However, this type of 
reactor produces plutonium which could be stolen 
and used in an explosive after separation at a 
chemical reprocessing plant and prior to fabrication 
into fuel for recycling. 

The high temperature gas-cooled reactor now 
being introduced commercially requires high-en- 
riched uranium fuel which could be used directly in 
a nuclear explosive, if stolen after the completion of 
enrichment and prior to completion of fuel fabrica- 
tion. Moreover, this type of reactor converts thor- 
ium into uranium-233 which, like plutonium, could 
be used in a nuclear explosive after it has been 
chemically separated from other materials in irra- 
diated fuel. 

In the more distant future, and assuming the 
technology is successfully developed, the sodium- 
cooled fast breeder reactor will produce more plu- 
tonium than it consumes as fuel at the same time 
that it generates electric power. 

In 1974 the Atomic Energy Commission forecast- 
ed that in 1980 the U.S. nuclear power industry 
will use about 19,000 kilograms of materials that 
could be used directly in nuclear explosives.' 
Worldwide in 1980, nuclear power reactors will be 
operating in at least 30 countries.'' Beyond 1980, 
the number of nations with nuclear power pro- 
grams will continue to expand and, more impor- 
tantly, the flows of nuclear explosive materials in 
countries with large power programs will build up 
very rapidly. 

Where Do We Stand? 

Without effective safeguards to prevent nuclear 
theft or diversion, the development of nuclear 
power will create substantial risks to the security 
of nations, the stability of governments and the 




Such an extraordinary national security function should 
not be Imposed by fiat of the federal government on private 
corporations and state and local police. 
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safety of people in every region of the world. Where 
then do we stand, in the development of the essen- 
tial safeguards? A bit of recent history is helpfvd in 
answering this question. 

The development of safeguards to prevent theft 
or diversion of strategic materials from the U.S. 
nuclear power industry was the responsibility of 
the Atomic Energy Commission until January 
1975. Then, in accordance with the Energy Reor- 
^mization Act of 1974, the AEC itself underwent 
fission into the Energy Research and Development 
Administration (eroa) and the Nuclear Regulatory 
Commission (NRC). The details of the division 
safeguards responsibility between BBOA and NRC 
are still being worked out. 

The matter is complicated by overlaps between 
safeguards systems applicable to military or classi- 
fied programs (erda's responsibility) and safe- 
guards applicable to the unclassified parts of the 
nuclear power industry (NRC's responsibility). It is 
further complicated by interactions between safe- 
guards related to U.S. agreements for peaceful nu- 
dear cooperation with foreign countries (erda's 
responsibility) and the national safeguards sjrstem 
(NRC's responsibility). A major step forward on the 
safeguards front was made, however, in the inter- 
nal structure of the NRC. The Act sets up the Office 
of Nuclear Material Safety and Safeguards as one 
of the three principal arms of the NRC's staff - the 
Office of Nuclear Reactor Regulation and the Office 
of Nuclear Regulatory Research being the other 
two. 

Until AEC requirements were tightened in De- 
cember 1973, himdreds of kilograms of plutonium 
or high-enriched uranium could be stored merely in 
a locked building that was checked by an unarmed 
watchman only once every four hoiurs. Moreover, 
enough plutonium or high-enriched uranium for 
tens of nuclear explosive devices could be shipped 
across the country simply in an unescorted truck 
driven by a single, unarmed driver who was not in 
continuous communication with anyone. These and 
other glaring defects in AEC safeguard require- 
ments and the prevailing lax attitude within the 
nuclear industry toward the nuclear theft problem 
were highlighted in a report by the General Ac- 
counting Office to the Congress in November 1973.^ 
Thereafter, some of the defects were remedied by 
regulatory changes. 

In early April 1974 a study of safeguards against 
nuclear theft, co-authored by Theodore B. Taylor 
and myself, was released by the Ford Foundation's 
Energy Policy Project.'' During the course of our 
year of research it became clear to us that the U.S. 
government had examined this problem only super- 
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ficially and sporadically, and that much of the nu- 
clear industry was largely unaware of the serious- 
ness of the risks involved. 

One broad conclusion of our study was that "a 
system of safeguards can be developed that will 
keep the risks of theft of nuclear weapon materials 
from the nuclear power industry at very low lev- 
els." Such a system would require use of the best 
available technology and institutional mechanisms. 
That was the good news. The bad news, however, 
was that the AEC's current system of safeguards, 
including the strengthened requirements, was far 
from adequate. Taken together, the aggregate of 
existing safeguard requirements do not constitute a 
system, or a systematic approach, to the problem of 
preventing nuclear theft. 

Prior to publication and release, our study was 
subjected to an extensive and intensive review pro- 
cess, including comment from the AEC, which we 
as authors found very helpful. With our draft avail- 
able, the AEC commissioned a special safeguards 
study of its own. This was performed by a group 
headed by an AEC staff member and included a 
nuclear materials production expert, a nuclear 
weapons specialist, a nuclear physicist and a for- 
mer assistant director of the F.B.I. A copy of this 
in-house study, known as the Rosenbaum report, 
was pried loose and released by Senator Ribicoff in 
late April 1974.' 

The AEC report foresaw the frightening possibil- 
ity of a rise in "urban terrorist groups in this coun- 
try. . .likely to have available to them the sort of 
technical knowledge needed to use the now widely 
disseminated instructions for processing fissile 
materials and for building a nuclear weapon. They 
are also liable to be able to carry out reasonably 
sophisticated attacks on installations and transpor- 
tation." The AEC report minced no words in its 
conclusions: "that the new regulations are inade- 
quate and that immediate steps should be taken to 
greatly strengthen the protection of special nuclear 
materials." 

Since the publication of the Energy Policy Project 
safeguards study and the strong confirmation given 
our findings by the AEC's internal study of the 
same matter, the Commission's staff issued in 
August 1974, a four volume draft environmental 
impact statement, as required under the National 
Environmental Policy Act, in order to provide a 
basis for deciding whether and on what conditions 
to permit the recycle of plutonium as fuel in light 
water reactors.* As an indication of the economic 
significance of this decision, the energy contained 
in the plutonium that would be recycled in U.S. 
power reactors through 1995 is estimated to be 
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equivalent to 10 billion barrels of oil or 2 billion 

tons of coal. 

With respect to safeguards considerations, the 

AEC's conclusion is that its current requirements 
will not be adequate. However, the AEC also con- 
cludes that if a number of major new concepts are 
implemented, and if decisions on upgrading the 
system are taken within about one year after the 
final impact statement, then the safeguards prob- 
lem will be "manageable." Hence, if a imgor up- 
grading of safeguards does not occur within such a 
time frame, the risks of nuclear theft and sabotage 
may, according to the AEC's own analysis, prove to 
be unmanageable. 

In 1974, thorpfore, the AEC .staff appeared to 
have undergone a m^jor change of attitude toward 
the safeguards problem. In addition, there has been 
a growing appreciation among a few members of 
Congress of the seriousness of the danger and the 
high stakes involved. 

Despite this progress, our nuclear safeguards 
program remains in danger of being starved to 
death for lack of funds. Prodded by outside criti- 
cism and pushed by the results of its own rethink- 
ing, the AEC requested an additional $85 million 
to upgrade its safeguards effort during Fiscal Year 
1975. Of this amount, 80 percent was slashed by 
the Office of Management and Budget— including 
the entire amount requested to beef up the AEC's 
(now the NRC's) regulatory staff in this area. 
A small portion of the cut was restored by last 
minute action in the Joint Committee on Atomic 
Energy. 

Our nation's economic difficulties do not justify 
gambling with the safety of the American people 
and the security of our governmental institutions 
from nuclear threats. Therefore, it is to be hoped 
that adequate funding levels for stronger safe- 
guards will be provided in the Fiscal Year 1976 
budgets (if KRDA and NRC, which are now under 
consideration by the Congress. Perhaps more im- 
portant at this stage than money is a heightened 
sense of awareness of the safeguards problem and 
the large stakes in the world's energy future in 
finding effective and practical solutions. Such an 
awareness still needs to be instilled at the top lev- 
els of government and industry in order that lower 
levels can do their jobs. 

The costs of an effective system of safeguards 
against nuclear theft would be only a very small 
fiaction of the value of electricity produced with 
nuclear fuel. Yet the costs of an ineffective system 
would be immense, not only for the American peo- 
ple but for the entire world community. 

Effective safeguards against nuclear theft or sab- 
otage in the United States is only part of a much 
larger global problem. In order to come to grips 
with the international issues, however, we must 
have our own house in order. 

Little is publicly known about the efforts in other 
countries with nuclear power programs to develop 
and implement their own safeguards to protect 



against nuclear theft. Yet terrorist organizations 
are even more of a threat in several of these coun- 
tries than in the United States. The risk of nuclear 
theft affects us all since plutonium or high-enriched 
uranium stolen from the U.S. nuclear power indus- 
try could be used in a terrorist attack in some other 
country, and material stolen in another country 
could be used by terrorists to hold hostage a city in 
America. 

At International Level 

Almost no serious discussion of this problem has 
occurred at the international level, though there 
have been a few preliminary technical elffbrts. The 
time that national political and industrial leaders 
have to deal with the problem is rapidly running 
out, and leadership in this area appears so far to be 
lacking. 

India's detonation of a ni t iear explosive using 
plutonium produced in a i actor obtained from 
Canada under a 'peaceful uses' guarantee was a 
substantial setback to international efforts to curb 
the proliferation of nuclear weapons among govern- 
ments through the Non-Proliferation Treaty. Re- 
gardless of their attitudes toward the acquisition of 
nuclear expl().si\('s by more and moi f governments, 
all governments have a common interest in pre- 
venting nuclear theft from their own nuclear indus- 
tries and also from the industries of other coun- 
tries. 

Systems of national safeguards can be developed 

that will keep the I'isks of theft of materials for 
nuclear explosives from nuclear power industries at 
vei-y low levels. Of course "zero risk' is an impossi- 
bility in this, as in other, dangerous human activi- 
ties. Yet clearly adequate safeguards should be a 
condition for the continued development and use of 
nuclear power. But such statements beg the impor- 
tant questions: What is an 'adequate' system of 
safeguards? And what is an 'acceptable level' of 
risk of nuclear theft? These are central political 
issues that should not be decided in our society by 
any group of experts, no matter how informed or 
well intentioned, within government or industry. 
Such decisions should be made, reviewed, and re- 
made through the pulls and tugs of widely diver- 
gent views expressed forcefully, but fairly, in an 
open political process as nuclear power develops 
and the social context changes. At the same time, 
widely differing safeguards positions may be taken 
by other governments, many of whicli are based on 
far different principles from ours. And their domes- 
tic safeguards decisions will necessarily affect our 
security too. 

The following summarizes my current thinking 
concerning the major directions toward which the 

U.S. safeguards program should be headed in the 
immediate future in order to provide the American 
people with adequate safeguards against nuclear 
theft. The new NRC is already moving, or is se- 
riously considering moving, in these directions, 
but it still needs encouragement and more sup- 
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A human problem for which there is no technological fix. 



port. The need is especially great at this time for 
active support and leadership on safeguards issues 
to come from within the nuclear industry itself. 

After all, private industry's economic interests 
would be seriously jeopardized by a successful large 
nuclear theft. 

Safeguards should emphasize the prevention of 
theft and the detection of any theft attempt in time 
to prevent its completion. Detection of a completed 
theft, recovery of stolen material, and response to 
any nuclear threat involving stolen material are 
important supplementary safeguard functions. The 
physical barriers and security forces employed 
should be capable of defeating the maximum credi- 
ble threat that can be reasonably expected. Within 
the United States, such a threat might involve an 
attack by a group of perhaps 10 to 15 persons using 
sophisticated firearms and equipment. Insofar as 
practical, instruments and techniques should be 
developed and used to provide a timely and accu- 
rate picture of the material flows in the various 
nuclear fuel cycles, and to detect immediately the 
flow of any nuclear explosive materials out of a 
material access area through an unauthorized 
channel. After-the-fact accounting methods will be 
insufficient in view of the quantities of materials 
involved and the short response time available. 

Co-location of nuclear fuel cycle support facili- 
ties—enrichment, fuel fabrication and chemical 
reprocessing— could virtually eliminate the trans- 
portation links that are most vulnerable to nuclear 
theft. In this connection, the Energy Reorganiza- 
tion Act requires the new NRC to undertake a na- 
tional nuclear energy center site survey. 

Furthermore, the possibility of 'spiking' plutoni- 
um used in the nuclear power industry that is, 
leaving sufficient fission products in plutonium that 
is reprocessed to constitute a lethal hazard to any- 
one who handles it without massive shielding — 
should also be seriously considered. Such spiking 
might reduce the cost of reprocessing, reduce the 
long-lived radionuclides in radioactive wastes, in- 
crease the cost of shipping (if fuel cycle facilities 
were not co-located), and increase the costs of fuel 
fabrication. Of course, an advanttige of co-location 
of fuel cycle facilities is that it would reduce the 
need for measures such as spiking. 

Under the existing safeguards approach, each 
operator of a nuclear facility is responsible for pro- 
viding a private security force, intended to work in 
cooperation with local police, to protect nuclear 
explosive materials at the facility and during 
transportation. I do not believe such an extraordi- 
nary national security function should be imposed 
by fiat of the federal govemm^t on private corpo- 
rations and state and local police. The private nu- 
clear industry is in the midst of a demanding tech- 
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nological innovation under difficult economic cir- 
cumstances. Local law enforcement authorities are 
already overworked, imderpaid, and sometimes 
unable to cope with the present level of conven- 
tional violence in society. Despite serious philo- 
sophical and practical reservations regarding any 
real or apparent move in the direction of a police 
state, I believe we should seriously consider the 
establishment of a nticlear materials security ser- 
vice as a direct responsibility of the federal govern- 
ment. 

Finally, the U.S. government should, as a matter 

of urgency, pursue discussions with other govern- 
ments with substantial nuclear power programs in 
order to develop a common policy concerning safe- 
guards against theft. In 1972, the International 
Atomic Energy Agency convened a panel of experts 
which developed recommendations for the physical 
protection of nuclear material, and the iaea has 
since then sponsored some further technical discus- 
sions. In 1974 Secretary Kissinger proposed before 
the United Nations that a treaty be negotiated to 
provide international standards for phj^cal securi- 
ty of nuclear materials. There will be an opportuni- 
ty to discuss this subject at the Non-Proliferation 
Treaty review conference which is convening this 
month in Cieneva. International diplomacy must be 
speeded up and intensified if adequate safeguards 
against nuclear theft are to be applied to the bur- 
geonii^ worldwide nuclear power industry. 

In conclusion, emergency core-cooling systems 
and other safety features built into nuclear power 
reactors are designed to deal with the risk of mal- 
functioning machines. Safeguards against nuclear 
theft and sabotage are intended to deal with the 
risk of malfunctioning humans. The possibility of 
nuclear violence using material diverted from civil- 
ian industry is fundamentally a human problem for 
which there is no technological fix. There is no final 
solution. Nor is there any alternative to dealing 
with it effectively until tiie last fissionable atom 
has been split. 
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The special case of 
chemical and biological weapons 

Without a breakthrough in disarmament talks, 
they could be assimilated into world arsenals 



). p. PERRY ROBINSON 

The joint U.S. -Soviet communique from Moscow 
dated July 3, 1974, contains the following passage: 

Both sides reaffirmed their interest in an effective inter- 
national agreement which would exclude from the arsen- 
als of states such dangerous instruments of mass destruc- 
tion as chemical weapons. Desiring to contribute to early 



Julian Perry Robinson, chemist, is a research fellow 
of the Science Policy Research Unit and of the Insti- 
ture for the Study of International Organizations at the 
University of Sussex, England. 



progress in this direction, the USA and the USSR agreed 
to consider a joint initiative in the Conference of the 
Committee on Disarmament with respect to the conclu- 
sion, as a first step, of an international convention deal- 
ing with the most dangerous, lethal meems of chemical 
warfare. 

The reference to a "joint initiative" in the Confer- 
ence of the Committee on Disarmament (CCD) 
might possibly be interpreted as a step forward 
when set against the corresponding passage in the 
U.S.-Soviet communique of June 25, 1973: 
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If weapons work, they will be used. Despite initial repugnance, the crossbow, gun- 
powder, flame-throwers and napalm all eventually became part of conventional warfare. 



Considering the important role which an efTective inter^ 
national agreement with respect to chemical weapons 
would play, the two sides agree to continue their efforts 
to conclude such an agreement in cooperation with other 
oountries. 

But, in fact, the grounds for optimism are not 

strong. It is disturbing to learn, for example, of 
superpower agreement on a stepwise approach to 
the problem— on confining the "first step" to "the 
most dangerous, lethal" chemicals. And then there 
is the fact that the decision to go for any sort of 
chemical treaty was still pending in Washington 
(and probably still is), whatever the communique 
may have suggested to the contrary. To the extent 
that the consequence of this may be an undercut- 
ting of the Defense Department's stance in the U.S. 
National Security Council's consideration of the 
matter, there are grounds for optimism. But to the 
extent that the communique may be public-rela- 
tions rhetoric, substituting for any real superpower 
interest in multilateral armaments limitation, 
there £ire also groimds for pessimism. 

The fact of the matter is that when the National 
Security Council review of chemical weapons policy 
got under way earlier this year, the odds were 
heavily weighted against a policy outcome that 
favored any immediate, significant step further 
toward chemical disarmament. The best that could 
be hoped for was a decision against foreclosure on 
the disarmament option and against endorsement 
of the Army's plans to embark upon a new round of 
chemical weapons buying. This would allow time, 
hopefully, for the pro-disarmament faction in 
Washington, such as it is, to increase its strength, 
and for the Socialist countries in the CCD to formu- 
late a more defensible position on the question of 
international verification. All in all, therefore, the 
prospects for rapid progress on chemical weapons at 
the CCD do not look bright. 

Against this background it is useful to consider 
the long-term implications of a failiue to reach an 
agreement on chemical weapons and, the opposite 
side of the same coin, the j^oals that should be es- 
tabUshed as the long-term objectives of a chemical 
disarmament agreement. 

Elsewhere I have argued that the primary func- 
tion of a chemiced disarmament agreement should 
be to constrain proliferation.' I take the view that 
the threat to international security which would 
arise from nerve gas proliferation would greatly 
exceed the threat which is currently thought to 
exist in those few areas of the world where nerve 



gas weapons are at present deployed. In a paper I 
presented to the 1974 Pugwash chemical waif are 
workshop, I explored certain of the conceivable de- 
terminants of chemical proliferation, and here I 
seek to define and analyze one of these determi- 
nants, namely the process of assimilation.' 

Many, very different, modes of combat come 
within the category of chemical and biological war- 
fare (CBW). Its scope is large because toxic and 
infective agents have potential applications 
throughout the entire spectrum of armed conflict— 
from global war to sabotage or terrorist activities d 
dissident groups. Yet, the same is true for most 
other agents of warfare at the disposal of armed 
forces: explosives, bullets, flame, etc. And just as 
these agents are Ukely to be used in coi\junction 
with one another, the CBW agents are unlikely to 
be used in isolation from them. What justification 
then is there for making a special category out of 
CBW and treating CBW as a special case in disar- 
mament negotiations? 

The justification is to be found in the attitude of 
the military themselves. There do not appear to be 
any countries whose military do not treat CBW as 
a more or less special case. To varying degrees 
around the world, CBW has its own separate orga- 
nizations, institutions, logistical procedures, train- 
ing programs, and so forth. In few, if any, countries 
can these be said to be fully integrated into their 
background. Where CBW instruction is included in 
the basic curriculum of recruits, the training is 
rarely extensive and is generally limited to the 
elements of protective covmtermeasures. In the 
very few countries where oflFensive CBW training is 
given, it is for the most part limited to special 
cadres. CBW thus lies outside the mainstream of 
military theory and practice. 

Military interest, as regards armaments, has 
always centered on explosives, projectiles, and 
other means of physical destruction. Until such 
time as the prindples and technology of CBW have 
become more fully assimilated, CB weapons will 
remain 'unconventional.' The process of assimila- 
tion is the process whereby novel, unconventional 
weapons eventually become accepted as 'conven- 
tional' weapons. 

Isolated as they are within a distinctly outcast 
category, CB weapons have acquired an array of 
moral and legal proscriptions that is unique among 
present-day armaments. This, however, is some- 
thing with which most novel weapon technologies 
of the past have had to contend. Users of the cross- 
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First we'll get a mop. and pick up the 
broken glacis. Then, just to be on the safe 
side, we'll have this whole section of the 
country evacuated. 




bow, for example, in twelfth century Europe risked 

excommunication by the Church, and gunpowder 
went through a long period of moral opprobrium 
before becoming assimilated. People eventually 
became accustomed to these developments, and the 
weapons became conventional. 

Incendiary weapons provide a further example: 
witness the obloquy that fastened upon the re- 
corded users of Greek fire in medieval Europe, or 
General Beauregarde's expressions of moral out- 
rage during the American Civil War, or the special 
attention given to flamethrowers in the League of 
Nations disarmament deliberations, and then the 
increasing conventionalization of napalm and other 
incendiaries during the Spanish Civil War, World 
War II, the Korean war and Vietnam. 

CB weapons have been used sporadically for at 
least 3,000 jrears, so what is it that has impeded 
their assimilation? References to them — few and 
far between, it must be said — occur throughout the 
recorded history and literature of many civiliza- 
tions, including the Epic and Vedic Indian, the Hel- 
lenic, the Roman, the Byzantine, the Sung Chinese, 
and that of medieval and Renaissance Europe. The 
information available does not permit an assess- 
ment of the military significance of these early in- 
stances. It seems reasonable, however, to suppose 
that CBW could not compete seriously with other 
forms of warfare until the prevailing accomplish- 
ments of technology had reached an advanced level. 

The efficacious use of CBW agents under combat 
conditions is not easy, and requires rather sophisti- 
cated equipment. Advancing further with this hy- 



pothesis, one may identify the point at which CBW 

acquired importance with the great influx of sci- 
ence and scientists into the military world at the 
time of World War I. It is certainly the case that 

much of present-day CBW theory derives from the 
practical experience of chemical warfare during 
that war. 

The French were the first to use chemical weap- 
ons during World War 1, but it was Germany that 
made the crucial technical innovation. Among the 
belligerents, at the outbreak of hostilities, Ger- 
many alone had access to the necessary technology 
(in particular, an industrial capacity for large-scale 
Uquefaction of chlorine gas). Germany turned to 
diemical warfare in 1915 as a possible way out 0[ 
the trench warfare stranglehold and in the face of 
an acute shortage of the nitrates needed for explo- 
sives manufacture. The other major belligerents 
soon caught up, however, and by the end of the war 
had far exceeded the scale on which Germany was 
capable of conducting diemical warfare. There 
were in all between one and two million CW cas- 
ualties. 

CBW Techniques 

There are three principal wa3^ of securing battle- 
field casualties with CBW agents: parenteral injec- 
tion, contamination of food or drink, or bulk dis- 
semination. The earliest recorded CB weapons 
worked either by parenteral injection, as in the 
case of poisoned arrows, or through contamination 
of food or drink. In the third method, bulk dissemi- 
nation, the agent is used to pollute the air breathed 
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by the enemy or to contaminate the ground over 

which he moves, thus creating a hazard to the skin. 

Liquefied chlorine gas, and its subsequent de- 
velopments, enabled bulk dissemination to be 
exploited on a scale that had never before been 
approached by any of the other methods. The cylin- 
ders of liquid chlorine, releasing a dense cloud of 
gas when they are opened, permitted an imprece- 
dentedly high level of toxic air pollution, one which 
could be localized with a fair degree of precision 
over enemy postions. Much, of course, depended 
upon the prevailing weather conditions, particu- 
larly wind direction, but as artillery techniques 
developed, so also did the possibilities of using 
agent-filled projectiles to compensate for unfavora- 
ble weather. 

Bulk dissemination remains the most important 
(rf the three offensive CBW techniques. The other 
two are limited essentially to sabotage and assassi- 
nation, although recent technological advances 
may have broadened the applications of the paren- 
teral one (notably the possibilities for using infect- 
ed mosquitos or other such disease vectors to 
spread germs, and for using deliberately contami- 
nated shrapnel or multiple-flechette— 'beehive'— 
munitions, as in the now deflmct diacba develop- 
ment program of the U.S. Army).* 

From an operational point of view, however, 
there are many practical difficulties and unpredic- 
tabilities associated with bulk dissemination. 
These speedily became apparent during World War 
I. And these problems exist even today, despite in- 
tensive endeavors in the weapons laboratories to 
mitigate them. They constitute one of the major 
discouragements of CBW, and may be identified as 
a principal constraint on the fuller assimilation of 
CB weapons. 

Tachnological Constraint 

This constraint is essentially a technological one 

and, therefore, sensitive to technological progress. 
It has several components. One has been alluded to 
already, namely weather dependence. Quite a 
small change in weather conditions can necessitate 
a ten- or even a hundredfold increase in the num- 
ber of CB munitions needed for a particular mis- 
sion. Or, conversely, it may vastly increase the 
hazard downwind of the target area, thereby en- 
dangering friendly personnel or noncombatants, 
even in the distant neighborhood. The allowances 
that must be made for this will gravely complicate 
logistical and operational planning. 

A second element in the constraint arises from 
the protective oountermeasures that are available 
against bulk dissemination: respirators, protective 
clothing, automatic alarms, and so forth. Modern 
versions of these are capable of providing a rather 
high level of defense against CBW attack. The sig- 

*No explanation of the acronym oiacba is officially available 
as it is OMisidered daasifled information. Unofficially, however, 
aooording to «me authority, it is an acronym for *Direct-iigection 
ammo for diemioal or biological agents.' Ed. 
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nificant point, however, is not that protection is 

available, but rather that, under combat condi- 
tions, there will be great uncertainty: first, about 
how well the enemy is in fact protected; second, 
about the extent to which that protection impairs 
his overall fighting efficiency; third, about the de- 
gree to which the stresses and strains of combat 
will have opened gaps in the protection. Damage, 
haste and poor discipline will inevitably combine to 
make even the best-prepared defensive posture 
vulnerable to a CBW attack that is sufficiently 
heavy; but the attacker will not be able to predict 
his results with any confidence. The one exception 
to this is, of course, in the case where the enemy is 
known to lack any form of protective capacity what- 
soever. It is a significant fact that all the major in- 
stances of antipersonnel CW since World War I — in 
Ethiopia during 1935-36,in China during 1937-45, 
in the Yemen during 1963-67, and in Indo-China 
since 1964 — were initiated against an enemy incap- 
able of deploying antichemical protection. 

A third element in the technological constraint is 
time dependence. With the sole exception of the 
sensory irritants, no CBW agent produces an im- 
mediate effect. In addition, CBW agents can remain 
active and dangerous in the environment for a peri- 
od of anything between minutes and years. Al- 
though this may be an advantage for certain spe- 
cially types of military operations, the complexi- 
ties which it will introduce into forward planning 
may be very great. The effects of bulk dissemina- 
tion of CB weapons are thus poorly controllable, 
not only in space but also in time. 

The importance of the technical factors outlined 
above cannot be overemphasized, for it is on them 
that the likelihood of future CBW critically de- 
pends. The technological constraint, in conjunction 
with the psychological one noted below, provides a 
plausible explanation for the humble status of 
CBW in military circles today. But both constraints 
are vulnerable to change. It is possible to envisage 
a weakening of the inhibitions about CBW and a 
concentration of technological resources into the 
development of CB weapons that are militarily and 
politically more amenable than those available at 
present. This is what has been happening over the 
past 30 years in the case of napalm and other in- 
cendiary weapons. 

Incentives for Assimilation 

The incentives that might promote the assimila- 
tion of CB weapons can also be categorized as tech- 
nological and psychological. As regards the latter, 
CB weapons are pre-eminently weapons of terror. 
Man's fear of poison and disease appears, on histor- 
ical evidence alone, to be extremely deep-rooted so 
that exposure to CBW agents, or the threat of expo- 
sure, may elicit very powerful responses. A poten- 
tial user of CB weapons might well suppose that 
these responses would act in his favor. He might 
even value them as an instrument of strategic 
blackmail or deterrence. The notion of CB weapons 
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as 'the poor man's atom bomb,' particularly biologi- 
cal weapons, has been around for many years. 

The technological incentives remain much as 
they were during World War I, with certain addi- 
tions. Bulk dissemination of CBW agents provides 
a means for attacking large area targets; and air- 
borne CBW agents can penetrate into spaces pro- 
tected against physical attack. These are factors of 
some moment today, for the great weight of tactical 
firepower— nuclear and non-nuclear— now avail- 
able has imposed doctrines of dispersed deployment 
in which ground forces are scattered over wide 
areas. On a weight-for-weight comparison, CBW 
agents could be considerably more potent than al- 
most all military casualty agents, even fissionable 
materials. This suggests CBW agents could com- 
pensate for quantitative manpower inferiorities. 
The 'biospecific' character of CB weapons, namely 
their capacity for leaving inanimate objects largely 
intact, has certain obvious attractions both at a 
tactical and at a strategic level. And the recent 
emergence of incapacitating CBW agents, ones that 
cause predominantly nonfatal battle casualties, 
could provide a means for lessening some of the po- 
litical costs of using armed force — a consideration 
which, on the civil front, leads police forces to use 
tear gas. The development of antiplant and, to a 
lesser extent, antianimal CB weapons adds a fur- 
ther dimension. 

Psychological Constraint 

It is conceivable that if rigorous analyses were 

made of all the technological constraints and incen- 
tives that would govern resort to CBW in particu- 
lar war scenarios, with fiill regard paid to the capa- 
bilities of existing CBW technology, offensive and 
defensive, the balance of judgment might, in some 
scenarios, favor use of CB weapons. This is certain- 
ly something which the advocates of CB weapons 
have long claimed, not least before U.S. congres- 
sional appropriations committees. The details of 
the analyses have, however, usually been shielded 
from general scrutiny by security-clearance re- 
quirements. If, nonetheless, it is assumed that the 
analyses have been adequately founded and their 
conclusions reasonable, the question still remains 
as to why past advocacies of CB weapons have not 
been more successful. What other reasons are there 
for the relatively low level of military interest in 
CBW, and could they change with time? 

The factors that seem to be at work here may be 
thought of as the psychological constraint. Whether 
in fact a psychological explanation for them is to be 
preferred over, say, a behavioral or a sodologiod 



one is a matter for further study. The most obvious 
expression of the psychological constraint is seen in 
the attitude that CBW is in some way dishonora- 
ble, impugning military codes of professional be- 
havior, an attitude that still seems to be wide- 
spread in military circles. A second expression of 
this type of constraint is seen in the legal proscrip- 
tions that are associated with CBW. Since its earli- 
est days, the vise of CB weapons has been consid- 
ered pecuUarly reprehensible, a view that was 
embodied in Roman and in Islamic law, and which 
is retained in a more explicit form in the modern 
international law of armed conflict. The central 
element in the present-day legal proscription is the 
Geneva Protocol of 1925, an international treaty to 
which most states are parties. The Protocol outlaws 
use of CB weapons, but has nothing to say about 
their possession. 

International law is closely bound up with public 
opinion, which it serves both to define and to direct. 
When opinion dianges the law begins to weaken, 
but opinion on CBW seems to be as hostile as ever, 
despite recurrent attempts at modifying it. In the 
shcnt term, these attempts have sometimes suc- 
ceeded (as when the U.S. Army Chemical Warfare 
Service succeeded in blocking U.S. ratification of 
the Geneva Protocol in 1926), but opinion cm CBW 
has always tended to revert to its former state. 
Considered on purely logical grounds, there is no 
convincing reason why CBW should be regarded as 
any less acceptable, or more acceptable, than other 
forms of warfare. "Hiere is undoubtedly an element 
of paradox in the degree of attention it has received 
from jurists. To say this is not to call into question 
their wisdom; rather, the irrationality of the situa- 
tion, and its persistence in the face of rationalizing 
attempts by CBW advocates, indicates the strength 
of the underlying psychological and sociological 
factors. 

Law of Armed Conflict 

The record of international law in restraining 
wartime behavior is not impressive; the law has 

more often been the servant, not the master, of mil- 
itary expediency. In the case of CBW, however, the 
relevant law will remain a substantial restraint at 
least for as long as the appurtenances of CBW re- 
main poorly assimilated by the military. More im- 
portant, the law constitutes an obstacle against 
further assimilation. 

Conversely, erosion of the law on CBW will facil- 
itate assimilation. That is why the controversy re- 
garding the legal status of herbicides and the sen- 
sory irritant agents, such as CS and the tear gases, 
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has been so important. Largely as a result of their 
employment by the United States and allied forces 
in hido-China, and subsequently by their adversar- 
ies, CS weapons are now the furthest advanced 
toward assimilation of all CB weapons. But the 
Vietnam-related efforts to reduce, through R&D, 
the technical and operational limitations of CS 
weapons, and to increase their military utility and 
attractions for regular combat forces, has inevita- 
bly meant a weakening of at least the technological 
constraint on the assimilation of all typea of CB 
weapons. This, it should be noted, was by no means 
an unintended consequence of the use of CS, and 
herbicides as well, in Vietnam. 

During an interview, the U.S. Army Chief Chem- 
ical Officer was utterly explicit on this point: the 
Vietnam war provided a much needed opportunity 
for him to demonstrate the value of his wares to 
the Army at large, and for the Chemical Corps to 
secure that combat role which would «ahanoe its 
status and protect it from bureaucratic repression in 
Washington. CS employment, chemical crop de- 
struction and chemical defoliation were only three 
of many CBW proposals put forward by the Chemi- 
cal Corps for the Vietnam war. 

The Geneva Protocol of 1925 is the strongest 
available bastion against this particular process 
of assimilation. The fact that the United States has 
finally ratified it is therefore an event of the great- 
est importance, but it is exceedingly unfortunate 
that the Administration should have persisted in 
its view, against the advice <^ its jurists, that the 
Protocol does not cover herbicides and irritants. The 
Senate Foreign Relations Committee succeeded in 
bringing the Joint Chiefs of Staff to a compromise 
in the form of accepting as national policy certain 
restrictions on the first use of these agents. But 
there is a disturbing similarity between the way 
the restrictions are worded (no first use of irritante 
"except in defensive military modes to save lives") 
and the Pentagon's public statements about CS 
empktyment during the height of its Vietnam in- 
volvement. It is to be hoped that the Committee's 
further success in extracting from the Administra- 
tion detailed clarifications for the public record will 
indeed constrain the military from future excesses. 
The Arm3r's development program for its newest 
chemical irritant — the cycloheptatriene derivative 
known as EA 4923 — will be watched with concern. 

There is another locus of potential erosion. Since 
1970, it has been the British government's position 
that although teeir gases are covered by the Proto- 
col, **CS and other such gases" are not The decision 



to adopt this bizarre interpretation arose out of the 
exigencies of the situation in Northern Ireland 
(vHi»re CS weaprais were being used), even though 
the Protocol is not applicable there. But since 1972, 
the British Army has been stockpiling weapons 
based on the newer, tind more potent, agent CR 
(dibenz[6/][l,4]oxazepine). The effects of CR are 
longer lasting than those of CS, and fall within the 
ciurent U.S. definition of an incapacitating agent. 

Whatever the present U.S. position may be on 
agent CS it does at least foreswear the first use in 
war of incapacitating agents. Yet, because in the 
British Defence Ministry's view CR is evidently 
subsumed within *^S and other such gases," the 
British government is apparently reserving the 
right, unless it withdraws its 1970 interpretation of 
the Protocol, to use incapacitating agents in war as 
well as the irritant agent CS. 

Assimilation and CB Disarmament 

In 1972, after nearly four years of talks on CBW 

at the Conference of the Committee on Disarma- 
ment (CCD), the Biological Weapons Convention 
was opened for signature. It contains a commit- 
ment to negotiate further, and in good faith, for the 
elimination of chemical weapons. The fact that bio- 
logical weapons were separated out from the CB 
weapons category can be understood in terms of 
assimilation. The practice of biological warfare is 
technologically more demanding than that of chem- 
ical warfare, and psychologically more disquieting. 

Biological warfare agents have diaracteristics 
which are difficult to harness for offensive purposes, 
and which do not fit at all easily into military prac- 
tice. In the case of the United States, biokfpcal 
weapons were the subject of an R&D program 
which became quite intense during the early 
1960s. But, even so, not one device ever passed 
through acceptance trials by the U.S. Air Force, the 
potential user for whom they were least unsuited. 
The weapons seem to have come up against major 
technical problems, which there was no great in- 
centive to have solved. The stockpiles and the pro- 
duction facilities of BW agents that were destroyed 
several years ago were in support of a development 
program that had already become moribund. Chem- 
ical weapons, in contrast, were less poorly assimi- 
lated, but the United States (and maybe other 
countries too) is not yet willing to forego their pos- 
session. 

The suggestion here is that it is the extent to 
which a particular class of weapon has become as- 
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similated which determines the prospects for its 
elimination via a partial disarmament agreement. 

The agreements on collateral measures which have 
been concluded so far would seem to bear this out, 
for they are directed against activities which the 
military has no particular wish to indulge in. Dispir- 
iting though this conclusion may be, it has a 
practical corollary: the long-term stability of a dis- 
armament agreement will be determined by the 
extent to which it brings under control the pres- 
sures toward further assimilation. 

Research and development activities are an ob- 
vious source of pressure in the case of chemical 
weapons. There are two particular areas of concern, 
neither of which have yet received the attention 
they deserve from the CCD. 

The first is that of incapacitating agent research, 
because it is these agents that most threaten the 
psychological constraint on assimilation. Until 
rather recently the problem did not seem to have 
all that much urgency, largely because of the diffi- 
culties whidi the R&D teams concerned were likely 
to have in coming up with a militarily attractive 
agent. The importance which the U.S. Army at- 
tached in the early 1960s to the psychochemicals 
SN and BZ was soon shown to be tuifounded; and 
the inclusion of toxins within the Presidential re- 
nunciations of 1969/70 precluded the further de- 
velopment of PG, a staphylococcal enterotoxin for- 
mulation. But it now seems that the U.S. Army has 
found a new and more attractive candidate, a per- 
cutaneously-active anticholinergic glycolate code- 
named EA-3834. This new psychochemical, whose 
specific attractions remain classified, and munitions 
for it, are now in the terminal stages of develop- 
ment 

The second area of concern is that of R&D on 
chemical warfare protection. Since it is unlikely, 
and probably undesirable, that a chemical agree- 
ment could ever be negotiated that proscribed anti- 
chemical countermeasures, the supporting R&D 
will presumably continue. Yet it is precisely from 
this type of work that several of the major develop- 
ments in offensive CW tedmiques have in the past 
originated. 

Military Doctrine 

Since use of chemical weapons is illegal, their 
continued stockpiling seems to imply a scant re- 
gard for the provisions of international law. But 
the laws of war derive what strength they have 
from the sanction of reprisal, so that as a retaliatory 
capability the stockpiles can be given a sort of justi- 
fication. The fact that they are also available for 
initiation of CW, law or no law, is no doubt seen as 
an advantage by those who value a wide range of 
military options. It is seen as a disadvantage, and a 
reason for pursuing diemical disarmament, by 
those who see in this ambivalence a source of inter- 
national mistrust and tension. 

Clearly there are parallels to be drawn here with 
nuclear weapons, but they should not be taken too 
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far. States that possess nuclear weapons have by 
now been forced to condition themselves into at 
least some degree of readiness to use the weapons. 
So, with greater or lesser reluctance, nuclear weap- 
ons have been accepted into military doctrine and 
the doctrine has been modified to accommodate 
them. Such is not yet the case with CB weapons. 
There is a school of thought among strategists 
whidi holds that CBW has an important role to 
play as an intermediate rung on the ladder of esca- 
lation, providing a firebreak option between con- 
ventional and nuclear war. But this is a precarious 
rationale, for the more rungs there are, the easier 
will the ladder be to climb. Current British policy, 
for example, appears to envisage nuclear retalia- 
tion against CBW attack. 

What also has to be kept in mind is the strong 
element of ex post facto rationalization that runs 
through much of military policy-making, both nu- 
clear and non-nuclear. One of the effects of mobiliz- 
ing science and technology in the service of nation- 
al defense is that new weapons tend to appear be- 
fore there is any obvious requirement for them. The 
technologies concerned have a momentum of their 
own, and so long as a thriving military technology 
is valued as an element of national security, mili- 
tary policy and doctrine must be elastic enough to 
accommodate it. This does not seem to have been 
an easy task in the case of CB weapons technology, 
which, at least in the United States, has long been 
outstripping military requirements; and the mili- 
tary authorities concerned, as distinct from the 
CBW advocates, have so far shown little enthusiasm 
for attempting it. When they have been forced to 
articulate a reasoned CB weapons policy, the doc- 
trine of like-with-like deterrence has, for all its 
obvious shortcomings, been put forward. Time 
could well bring with it a very different attitude, if 
CB disarmament does not come about first. It is 
entirely conceivable that the march of progress 
within the R&D laboratories, and a loosening of the 
inhibitions about chemical and biological warfare, 
could promote wider assimilation of CB weapons 
and ultimately their acceptance as conventional 
weapons. 
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U. S. Army launcher vehicle is part of an extraordinary 
proliferation of tactical nuclear weapons. 



BARRY SCHNEIDER 

The United States has over 30,000 nuclear weap- 
ons at home, at sea, in Europe, and in Asia. Of 
these weapons, 8,500 are considered strategic 
weapons; 22,000, tactical weapons. The main differ- 
ence between strategic and tactical nuclear weap- 
ons is the difference in range. Tactical nuclear 
weapons have a shorter range but are sometimes 
more powerful than strategic weapons. As of mid- 
1975, the 8,500 U.S. strategic nuclear weapons 
are on these multiple-warhead carrying delivery 
vehicles: 

• the 1,054 U.S. land-based Minuteman and Ti- 
tan missiles, 

• the 656 Polaris/Poseidon missiles on the 41 
U.S. ballistic missile submarines, and 

• the nearly 500 U.S. SAC bombers. 

The United States has been producing strategic 
nuclear weapons at the rate of three per day for the 
past four years, and the total promises to grow to 
about 21,000 U.S. strategic nuclear weapons under 
the limits set by the November 1974 U.S.-USSR 
Vladivostok Agreement. 

Less publicized and understood is the fact that 
nearly 22,000 U.S. tactical nuclear weapons are in 
the possession of the U.S. armed forces and that 
they are widely dispersed. 

In Europe, the United States and its NATO allies 
have 2,250 aircraft, missile launchers, and nuclear 
cannons that can deliver 7,000 U.S. tactical nuclear 
weapons. These weapons carry a combined explo- 
sive capability equivalent to an estimated 460 
megatons (or 460 million tons) of TNT — roughly 
35,000 times greater than the nuclear weapon that 
destroyed Hiroshima in 1945. These U.S. tactical 
nuclear weapons are in all NATO European states 
with the exception of Norway, Denmark, Luxem- 
bourg, and France. France maintains its own tacti- 
cal nuclear weapons in France and Germany. U.S. 
nuclear forces in Europe are most heavily concen- 
trated in West Germany where 207,000 U.S. mili- 
tary personnel are based. 

U.S. tactical nuclear weapons in Europe include 
at least four different kinds of surface-to-surface 
missiles (Lance, Sergeant, Honest John, and Persh- 
ing), two sizes of nuclear artillery shells (155 mm 
and 203 mm), and over 500 U.S. nuclear capable 

Barry Schneider is a research staff associate at the 
Center for Defense Information in Washington, D.C. 
This article appeared in part in the February 1975 issue 
of The Defense Monitor, a publication of the Center. 
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fighter-bombers. The aircraft can be loaded with 
air-to-surface missiles and bombs. The largest tac- 
tical nuclear missile has 400 kilotons (or 400,000 
tons) in explosive power, equivalent to over 30 Hi- 
roshimas. The Pershing surface-to-surface missile 
and nuclear-loaded fighter-bomber are capable of 
attacking targets inside the Soviet Union from 
Western Europe. 

The first U.S. tactical nuclear weapons were in- 
troduced in Europe in 1954, three years before the 
Soviet Union did so. Since that time the U.S. ar- 
senal has grown dramatically and has undergone 
extensive changes as new U.S. tactical nuclear 
weapons replaced older ones. Soviet tactical nuclear 
deployment in Europe began in 1957, and the growth 
of their arsenal has been slower and shows little 
weapon turnover. Soviet weapons in Europe have 
accumulated without much retirement of earlier 
weapons. There are two U.S. tactical nuclear weap- 
ons for each Soviet tactical nuclear weapon in Eu- 
rope: U.S. forces in Europe have 7,000 tactical nu- 
clear weapons to 3,000 to 3,500 for Soviet military 
forces in Europe. 

The U.S. armed forces deployed nuclear weapons 
to Europe in the early 1950s to offset numerically 
superior Soviet forces in Central Europe. At the 
time the Eisenhower administration was seeking to 
check Soviet manpower advantages through a stra- 
tegic policy which threatened "massive retalia- 
tion," and U.S. tactical nuclear weapons in Europe 
were part of that policy. When the United States 
first placed tactical nuclear weapons in Europe the 
Soviets had no tactical nuclear svoapon.s. By the 
late 1950s the U.S. monopoly on tactical nuclear 
weapons was ended. 

Far less information has been released to the 
public by the Pentagon about the estimated 1,700 
tactical nuclear weapons that the United States 
maintains on land in Asia. U.S. tactical nuclear 
weapons reportedly are in Korea and the Philip- 
pines as well as at U.S. installations in Guam and 
Midway. 

The United States today has approximately 7,000 
strategic and tactical nuclear weapons at sea. 
There are 284 ships and submarines in the U.S. 
Navy that can carry nuclear weapons. In 1965, only 
38 percent of U.S. ships could carry nuclear weap- 
ons. Today the percentage is 55 percent and it is 
increasing each year. 

The U.S. Navy is capable of delivering up to 
12,000 tactical nuclear weapons in bombs, depth 
chaises, torpedoes and missiles. Many of these weap- 
ons are capable of carrying both conventional and 
nuclear explosives. A conservative estimate places 
the number of U.S. tactical nuclear weapons at sea 
at 2.500. This number of weapons carries an explo- 
sive punch equivalent to 150 megatons of TNT, 
more than 75 times the amount of explosives 
dropped from 1941 to 1945 on Germany and Japan 
by U.S. bombers. Over 90 percent of this nuclear 
destructive power is found in the 1.400 tactical nu- 
clear weapons aboard 14 U.S. aircraft carriers. 



An estimated 14,800 U.S. nuclear weapons are 
kept in the United States: 4,000 strategic nuclear 
weapons are at U.S. Minuteman and Titan missile 
sites and at SAC bomber bases. An additional 

10,000 U.S. tactical nuclear weapons are estimated 
to be in the custody of U.S. forces in the United 
States. The seven Army divisions on active duty in 
the United States have the full spectrum of tactical 
nuclear weapons, as do the U.S. Navy and U.S. Air 
Force units stateside. 

Weapons in Search of a Doctrine 

There is no rational doctrine for use of the U.S. 
land -based tactical nuclear weapons in Europe and 
Asia. Much is inherently wrong with a strategy 
which, if implemented, would destroy the country it 
is designed to defend. The use of 10 percent of the 
7,000 U.S. tactical nuclear weapons in Europe 
would destroy the entire area where such massive 
nuclear exchanges occvirred. War games practiced 
by NATO troops indicate the tremendous collateral 
damage that would be inflicted upon cities and peo- 
ple bordering the battle area. A nato war game 
named Carte Blanche was run for 48 hours during 
which 335 tactical nuclear weapon explosions were 
simulated, 268 on German territory. A very conser- 
vative estimate placed Germans killed at between 
1.5 and 1.7 million plus an additional 3.5 million 
people wounded. In the six years of World War II, 
305,000 Germans were killed and 780,000 were 
wounded. Thus a very limited tactical nuclear war 
of this scope would produce over five times as many 
German casualties in two days as occurred in 
World War II. 

Once the nuclear threshold has been broken and 
nuclear weapons have been used, it is highly likely 
that nuclear exchanges would escalate. The pres- 
Bvares to destroy the adversary's nuclear forces be- 
fore they land a killing blow could easily lead to 
preemptive attacks. In the confusion, subtle peace- 
time distinctions between lower level tactical nu- 
clear war, higher level tactical nuclear war, and all- 
out spasm nuclear war, would vanish. Once the 
threshold is crossed from conventional warfare to 
nuclear warfare, the clearest "firebreak" on the 
path to complete nuclear holocaust will have been 
crossed. 

One risk of developing tactical nuclear weapons, 
especially those now euphemistically called mini- 
nukes, is that they may create the illusion that a 
limited nuclear war can be fought. Small weapons 
such as the 155 mm nuclear artillery inrojectiles 
have already been introduced. The trend is for 
more of the same. As smaller, 'cleaner,' and more 
accurate tactical nuclear weapons are added to the 
U.S. arsenal, they will add to the dangerous illu- 
sion that tactical nuclear weapons can be used with 
no risk of escalation. 

This overlooks two factors. First, the U.S. tactical 
nuclear arsenal is still loaded with many large 
Hiroshima-size weapons. Second, the Soviet Union 
would respond massively to U.S. nuclear attacks. 
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WEAPONS IN EUROPE 2 TO 1 

'One-third of U.S. nuclear weapons in Europe are 
designated for U.S. foreaa, MO-tMntS lOr US* Of U.S. 
allied forces in NATO. 
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Even if all the larger U.S. tactical nuclear weapons 
were replaced by new mini-nukes, using them 
would trigger the older, bigger, and 'dirtier' Soviet 
weapons with the same conaequences for persons 
living in the area and the same resultant escalation. 

The idea of a limited nuclear war is an illusion. 
However, it may encourage policy-makers to be 
more reckless an<l make nuclear war, especially 
during acute crises, more likely. 

There are four dilemmas made possible by the 
spread of nuclear arms: 



Dilemma 1: Nuclear Terrorists. The risk of war 
with the Soviet Union has long been regarded as 
the primary threat to the security of the United 
States. In hopes of averting such a catastrophe, 
thousands of man-years have been spent by ana- 
lysts exploring how such a war is likely to erupt. 

The research and contingency plans designed to 
control escalation of crises and limited wars, to 
prevent accidental war or unauthorized attacks, 
and to deter a surprise attack may be ignoring a 
likelio' daii^er to Americans— the nuclear terrorist 
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A half-dozen terrorists with a home-made or hi- 
jacked nuclear weapon could cause thousands of 

deaths in a city Hke New York. One of the 
hundreds of U.S. nuclear bombs in the one megaton 
range, if exploded on Manhattan Island, would in- 
flict casualties exceeding the combined totals of the 
war dead from the American Revolution, the War 
of 1812, the Mexican War, the U.S. Civil War, the 
Spanish-American War, World War I, World War 
II, the Korean War, and the Vietnam War. Nearly 
1-1/2 million people would perish in such an event 



More than 50 major terrorist groups are reported 
to exist worldwide. Urban guerrilla activities, 
Olympic murders, airplane hijackings, terror iKnnb- 
ings, and airport massacres are all well known. 

How safe are nuclear weapons from theft by ter- 
rorist groups? Not very, according to the few indi- 
cators available in this highly classified area. U.S. 
Army Special Forces exercises have shown that 
nuclear weapons storage areas can be penetrated 
successfully without detection despite guards, 
fences, and sensors. Their example could obviously 
be accomplished by a daring and well-oi^anized 
terrorist organization. 

The United States, its allies, and the Soviet 
Union have now deployed thousands of nuclear 
weapons across the world, each in an effort to bol- 
ster its own national security. In doing so, these 
governments have made their societies more viil- 
nerable to the nuclear terrorist. 

Dikmma 2: Seizure by Allies. More than half of 
U.S. nuclear weapons are stationed abroad or on 
the high seas. Countries where U.S. nuclear weap- 
ons reportedly are stationed include Belgium, Fed- 
eral Republic of Germany, Greece, Iceland, Italy, 
Republic of Korea, Netherlands, Philippines, Portu- 
gal, Spain, Turkey and United Kingdom. 

Once the United States deploys nuclear weapons 
to an allied ooimtry, we put in jeopardy our control 
of those weapons if that nation ever becomes un- 
friendly to tile United States. AlUed seizures of 
U.S weapons could result in the United States hav- 
ing to fight its way into an allied country in order 
to rescue its own weapons. 

This scenario takes on more plausibility in the 
light of the recent Greek and Turkish fighting on 
Cyprus. Both Greece and Turkey are host countries 
for U.S. tactical nuclear weapons and U.S. security 
forces were put on maximum alert guarding these 
weapon compounds during the short war between 
these two nato allies. 

Too many of the allied host cotmtries that permit 
U.S. nuclear bases are dictatorships with oppres- 
sive regimes that spark dissent. Franco of Spain 
and Chung Hee Park of Korea are vintage exam- 
ples of the genre. Some allies who permit U.S. nu- 
clear weapons on their soil already have domestic 
insurrections on their hands; the Philippines and 
the United Kingdom are current examples. In 
Greece and Portugal recent coups d'etat have 
changed the complexion of the ruling groups. 

In countries plagued by civil war.s and coups, 
U.S. tactical nuclear bases may not be safe from 
our allies. During internal political disruptions in 
allied countries, U.S. bases might find themselves 
caught in the middle of a firehght. One side or ttae 
other might find it advantageous, or even neces- 
sary, to seize U.S. tactical nuclear weapons to gain 
the upper hand in the local struggle. Nor can we 
discount the possibility that allies, such as the 
Republic of Korea, might seize U.S. weapons in 
order to defend themselves or to possibly attack 
neighboring states, such as North Korea. 
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'Broken Arrows' 

A "broken arrow" is the military term for an accident in- 
volving a nuclear weapon. The Pentagon has acknowledged 
1 1 of them. Little is known publicly about six of the ac- 
cidents. Here are details on the other five: 

1. Aircrash over Palomares, Spain. On January 17, 
1966 an American B-52 bomber collided with a KC-135 
refueling tanker causing the deaths of five crewmen and 
the dropping of 4 hydrogen bombs which were recovered 
after an intensive ground and sea search. Radioactive 
leakage and conventional explosions occurred in the area. 

2. Bomb Accidently Dropped over South Carolina. 
On March 1 1, 1958 a B-47 bomber accidently dropped a 
nuclear weapon in the megaton range over Mars Bluff, 
South Carolina. The conventional explosive "trigger" of 
the nuclear bomb detonated leaving a crater 75 feet wide 
and 35 feet deep. One farmhouse was obliterated. Luckily 
no nuclear radiation leakage was detected, no nuclear 
explosion occurred and no one was killed. 

3. Bomarc Missiles Burned in Fire. On June 7, 1960, 
a fire at McGuire Air Force Base led to a series of shatter- 
ing explosions and the destruction of one of 56 nuclear 
armed Bomarc missiles. While no nuclear explosion oc- 
curred there was o small amount of radioactive leakage 
creating a temporary health hazard. 

4. 24-Megaton Bomb Safety Devices Sprung. In 
1961 a near catastrophe occurred at Goldsboro, North 
Carolina, when a B-52 bomber had to jettison a 24-mega- 
ton bomb. Five of the six interlocking safety devices were 
set off by the fall. A single switch prevented the bomb 
from exploding, an explosion which would have been over 
1,800 times more powerful than the Hiroshima bomb. 

5. Greenland Air Crash Scatters Plutonium. On 
January 21, 1968 a B-52 attempting an emergency land- 
ing at Thule Air Force Base, Greenland, crashed and 
burned on the ice of North Star Bay. The high explosive 
components of all four nuclear weapons aboard detonated 
producing a plutonium-contaminated area of at least 
300-400 feet wide and 2,200 feet long. — B.S. 



Dilemma 3: Unauthorized Use of Weapons. The 
danger of misuse of U.S. nuclear weapons increases 
dramatically with the number of persons who are 
involved in their production, transportation, stor- 
age, security, and wartime use. Yet the 30,000 U.S. 
strategic and tactical nuclear weapons are handled 
by many thousands of people, including U.S. mili- 
tary personnel, nato allies, security guards, sci- 
entists at weapons labs, and shipyard and arsenal 
workers. Overall it is estimated that about 120,000 
persons have access to U.S. nuclear weapons and 
weapons-grade fissionable material.* 

While these positions are carefully screened by 
the Human Reliability Programs set up by the U.S. 
government, there have been problems with the 
people who handle and would fight with nuclear 
weapons. An average of three persons per thousand 
in the U.S. armed services have been identified as 
suffering from mental illness serious enough for 
professional care. Congressional testimony indi- 
te. Walske, Asst. Sec. of Defense, Statement to Subcom. on 
Military Applications of Joint Com. on Atomic Energy, U.S. 
Congress, May 22, 1973, part 2, p. 6. 
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cates that 3,647 persons with access to nuclear 
weapons were removed from their jobs during a 
single year because of mental illness, alcoholism, 
drug abuse, or discipline problems. Of the dis- 
charges which occurred in 1972 and 1973, 20 per- 
cent were for drug abuse. 

Dilemma 4: Nuclear Accidents. The dispersion of 
30,000 U.S. nuclear weapons across the world's 
oceans, in dozens of ports, in numerous countries in 
Europe and Asia, and in the United States creates 
risks of accidents of unprecedented magnitude. 

The Department of Defense has admitted at 
least 11 "Broken Arrows," or major nuclear weapon 
accidents. The Atomic Energy Commission reports 
at least four other accidents involving various com- 
ponents of nuclear weapons while in the agency's 
control. There is evidence that many other unre- 
ported and unconfirmed nuclear accidents have 
occurred since World War II. Serious students of 
the problem estimate that an average of at least 
one U.S. nuclear weapon accident has occurred 
every year since 1945.** 

Most of the U.S. tactical nuclear weapons over- 
seas can be brought home with no loss in national 
security. Indeed, there should be a net gain in secu- 
rity as the chances decrease for accidents, for theft, 
and for unauthorized use of the weapons. Increased 
U.S. national security would be the result of adop- 
tion of the following recommendations: 

1. Remove all Quick Reaction Alert Aircraft 
( QRA). Such systems are vulnerable to a surprise 
attack and lend themselves to the danger of hair 
trigger reactions and unauthroized use by U.S. and 
NATO pilots. Their missions can be taken over and 
performed more effectively by the ballistic missile 
submarine fleet. 

2. Remove all forward deployed atomic artillery. 
Such weapons are subject to unauthorized use if 
forward units are surrounded and under attack. 
Moreover they might be easily captured if not used 
and turned against the nato army they were de- 
signed to serve. Their forward deployment makes it 
likely that any war in Europe will be nuclear. 

3. Remove all forward deployed atomic demoli- 
tion munitions (ADMs) and all of those not permit- 
ted to be prechambered where that is necessary. 
Forward deployed ADMs, even if prechambered, 
would guarantee nuclear escalation of a conven- 
tional conflict — something to be avoided. ADMs 
that have not been prechambered to the optimal 
depth can cause excessive nuclear fallout and high 
damage to siurounding civilians and troops. 

4. Remove aircraft and surface-to-surface missiles 
capable of hitting targets in the Soviet U nion or de- 
ploy them to the rear where their status as tactical 
weapons is clear to the USSR. This also reduces the 



**J. Larus, Nuclear Weapons Safety and Common Defense 
(Columbus, Ohio: Ohio State University, 1967), pp. 4, 165- 
167; M. Leitenberg, "Accidents of Nuclear Weapons and Nuclear 
Weapon Delivery Systems," SIPRI Yearbook, 1968/69 (New 
York: Humanities Press, 1969), pp. 259-270; Leitenberg to 
author, Dec. 4, 1974. 
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danger of unauthorized launching of bombs and 
missiles by U.S. forces directly against the Soviet 
Union. 

5. Remove all nuclear weapons from U.S. aircraft 
carriers. Carrier aircraft have no strategic nuclear 
role that cannot be better carried out by other sys- 
tems. Carriers are unlikely to exist for long in a 
nuclear war and their primary remaining useful 
mission is as mobile launching platforms for air- 
craft engaged in conventional bombardment in lim- 
ited wars. Nuclear weapons aboard would degrade 
the capability of the carriers to perform that role. 

6. Remove all nuclear weapons from South Korea, 
the Philippines, and other Asian states where they 
exist. Such U.S. weapons pose dangers of theft, 
unauthorized use, allied seizures, and accidents. 
They threaten to involve the United States in areas 
where we would be forced to intervene. Such situa- 
tions not only make our foreign policy hostage to 
our weapons policy but might force the United 
States to create another precedent of nuclear first- 
use. 

7. Substantially cut the number of U.S. nuclear 
weapons in Europe. Perhaps 500 weapons would be 
enough to guarantee the participation of the U.S. 
strategic deterrent forces, yet this number would 
substantially cut the safety problems and costs of 



maintaining the force. Phasedowns could be gradu- 
al (e.g., 1,000 per year) and might serve to produce 
similar Soviet phasedowns as the danger to them 
somewhat receded. 

8. Restructure the remaining tactical nuclear 
weapons in Europe so that they are under the contin- 
uous operational control of the supreme commander 
of NATO (saceur). Weapons should be taken away 
fh>m irontline field commanders of local units and 
deployed in the rear. This will improve security and 
control of these weapons. 

9. Substantially increase the security precautions 
around U.S. nuclear weapons compounds and more 
intensively screen U.S. personnel who handle tacti- 
cal nuclear weapons. 

10. The program to "modernize" tactical nuclear 
weapons should be shelved. Nothing is gained by 
their introduction and tiie dangers of creating illu- 
sions of "usable" nuclear weapons and blurring the 
distinction between conventional and nuclear war 
both increase rather than reduce the threat to U.S. 
national security. 

11. Nuclear capable missiles, and missile launch- 
ers, should not be sold or given to countries that 
have a near-nuclear capability. To do so increases 
the risks of new countries "going nudear^ and in- 
creases the dai^ers to U.S. security thereafter. 



Peaceful' nuclear explosions 

Nations must seal off this back-door approach 
to acquiring weapons stocicpiles 



ALVA MYRDAL 
The whole apparatus of international treaties or 
agreements regarding the acquisition of nuclear 

explosive capability is now being questioned be- 
cause of the underground explosion by India of a 
peaoeftil nuclear device in May 1974. 

As India had never signed or ratified the Treaty 
on the Non-Proliferation of Nuclear Weapons of 
1968 (the NPT), this treaty was not violated. India 
had, however, signed and ratified the Partial Test 
Ban Treaty of 1963 which banned nuclear weapon 
tests in the atmosphere, in outer space and under 
water. But there was a loophole left open in this 
Treaty and India used it, and used it in a way which 
ought to serve as an eye-opener; the implicit right to 
test nuclear explosives underground. 



Alva Myrdal, a disarmament expert, was the chief 
Swedish delegate to disarmament negotiations in 
Geneva and at the United Nations from 1962 to 1974. 

She has also served as the Swedish Ambassador to 
India and as a member of the Swedish Cabinet in 
charge of disarmament affairs. This article is based in 
part on her forthcoming book, "The Right to Conduct 
Nuclear Explosions," >vhich will be part of the Stock- 
holm International Peace Research Institute series on 
the problems of nuclear-weapon proliferation. 



As for its being a peaceful i vs. military) nuclear 
explosion, there are no grounds whatsoever for 
making special exceptions for some nuclear explo- 
sions which are termed peaceful. The NPT, never- 
theless, made this distinction; it was obviously an 
attempt to keep nuclear devices in the hands of the 
nuclear weapon nations, particularly the super- 
powers. 

The NPT promised that the benefits from any 
peaceful applications of nuclear explosions would 
be made available to the non-nuclear parties to the 
Treaty at low cost And it also stated that: 

Non-nuclear-weapon States Party to the Treaty shall 
be able to obtain such benefits, pursuant to a special 
international agreement or agreements, through an 
international body with adequate representation of non- 
nuclear-weapon States. Negotiations on this subject shall 
commence as soon as possible after the Treaty enters into 
force. 

But no negotiations on the subject have taken 
place, no international agreements have been 
reached, and no benefits have been made available. 
The promises were made simply in order to get 
a discriminatory situation accepted. 

Initially, the exploding of nuclear devices was 
seen exclusively in military terms— the use of nu- 
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clear weapons in war or the testing of such weap- 
ons—and little attention was paid to the possibility 
of using them for non-military purposes. However, 
after a report was delivered to the second U.N. 
Cionferenoe on the Peaceful Uses of Nuclear Energy 
in Geneva in 1958, the forecasts of the economic 
benefits to be gained were optimistic, if not euphor- 
ic. Now, after many years of research the verdict 
is less enthusiastic. As the Soviet scientist V. S. 
Emelyanov sums it up: 

The possibilities of vising nuclear explosions for civil pur- 
poses have been studied mainly in the United States and 
the Soviet Union. Both countries have been examining 
the feasibility of using nuclear explosions for exploiting 
oil and gas d^jwsits, for opening up ore fields, for build- 
ing water reservoirs in arid regions, for earth-moving 
operations in canal construction and so on. In the United 
States the Plowshare Program was established to imple- 
ment a number of such projects; the Soviet Union's coun- 
terpart is "the program of use of commercial underground 
nuclear explosions." Such studies have so far been largely 
theoretical, and although much useful data has been ob- 
tained firom test exploBi<His, nime of the projects under 
investigatioai has yet readi«l the stage of wide and prac- 
tical application. The advantages of using nuclear explo- 
sions for such projects lie chiefly in saving labor and 
therefore money. However, the danger of subsequent ra- 
dioactive contamination of the environment is very real: 
the problem of designing a 'clean' explosive has still not 
been solved. It is concluded that, at present, peaceful 
nuclear explosions are advisable only for exceptionally 
urgent problems which cannot otherwise be solved.' 

The important fact is that there is no essential 
difference, except intent, between peaceful and mil- 
itary explosive devices; they are all bombs. In prac- 
tice, however, technical details would be different, 
depending upon the detonating procedure selected: 
the degree of streamlining, and Uie different type of 
casings necessary fmr engineering inojects or for 
military delivery vehicles, etc. The early R&D 
groundwork is the same, however. And the cost of 
development is usually borne by the military. 

Nuclear Testing 

There is general agreement that nuclear weapon 
R&D can neither be prohibited nor interfered with 
through direct verification. As the first critical step 
in the manufacture of nuclear weapons is testing, 
that is the step which can and should be under the 
most careful surveillance. 

When the debate on nuclear-weapon tests first 
began, it was in connection Mrith disarmament. The 
Antarctic Treaty of 1959 recognized the importance 
of nuclear testing, even though it did not mention 
weapons specifically: Article 5 of the Treaty states 
that "any nuclear explosions in Antarctica and the 
disposal of radioactive waste material shall be pro- 
hibited." It has been surmised that this sacrifice 
of an opportunity for technological experimentation 
was made in order to allay the apprel^nsions of the 
Latin American countries.^ 

In the Partial Test Ban Treaty of 1963 another 
approach was adopted. There the preamble emphat- 

30 



ically sets the goal as "the discontinuance of all test 
explosions of nuclear weapons for all time," while 
Article 1 adds "or any other nuclear explosion." 
The signatories to the Treaty did not object to these 
words, which were induded almost as an after- 
thought, although the United States initially want- 
ed all peaceful explosions allowed. When the 
United States had to be satisfied temporarily with 
the sole poc»ibility of conducting them under- 
ground, President Kennedy told the U.S. Congress 
that he hoped to arrive at a second agreement au- 
thorizing peaceful explosions under certain condi- 
tions.' 

The Treaty of Tlateloco of 1967, which prohibits 
the testing, use, manufacture, stwage, installation 
or deployment of nuclear weapons in Latin Ameri- 
ca, was the first multilateral disarmament agree- 
ment to raise seriously the question of explosions 
for peaceful purposes. Article 18, which is devoted 
to this subject, however, is rather ambiguous and it 
has since been interpreted in different ways. 

When NPT negotiations were conducted in Gene- 
va, it was members of the non-aligned nations of 
the then Eighteen-Nation Disarmament Commit- 
tee that introduced queries and objections in a fair- 
ly concerted way with regard to peaceful nwdear 
explosions (PNEs).'^ The main question was one of 
discrimination. It has to be approached from dif- 
ferent angles: if PNEs might yield considerable 
economic benefits, the lesser nations should be giv- 
en an equal share in these techniques for enhanced 
development; or if the present pessimism about 
these benefits is more justified, the nuclear-weapon 
nations should be equally prepared to renounce 
PNEs in order, at least, to close the loophole for 
clandestine weapon testing. 

When the case for a non-discriminatoiy solution 
was lost as far as the oompromise versicm of the 
NFT was concerned, the non-aligned nations raised 
the issue again — hoping at least to ^^et matters 
ironed out in connection with a test ban — at both 
the 1968 Conference of Non-Nudear Powers held in 
Geneva and at the 1968 Eighteen-Nation Disarma- 
ment Conference. There was thus concerted pres- 
sure for a non-discriminatory way of dealing with 
nuclear explosions for specified peaceful purposes to 
be arrived at by international agreement. The ar- 
guments have been summed up as follows: 

Canada and Sweden maintained that an underground 
test ban treaty would have to include provision for spe- 
cific pennission for each peaceful nuclear explosion under 
an international regime for the peaceful utilization of 
nuclear energy. India agreed that the underground test 
ban was directly linked to the issue of peaceful explo- 
sions and that the two should be considered together. In 
its view, total prohibition of nuclear explosions must ap- 
ply to all States, nuclear and non-nuclear. Peaceful ex- 
plosions would then be permitted under a separate inter- 
national regime. It also stressed that the development of 
a nuclear excavation technology must not involve any 



"'In 1970 the ENDC was expanded and renamed the Committee 
of the Confareiice on Disarmament (the CCD). Ed. 
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Peaceful nuclear devices are nothing but another loophole in the nuclear numbers 
game— and an escape clause for the superpowers. 



modification of the Partial Test Ban Treaty, but be set- 
tled through a separately negotiated instrument within 

the context of a comprehensive test ban.^ 

It is regrettable that the test ban negotiations 
were not completed while non-proliferation was on 
the agenda. As long as the ban on testing nuclear 
explosive devices is incomplete, there can be no 
watertight reliance on non-proliferation. At the 
very least the connection between nuclear weapon 
tests and peaceful nuclear explosions should have 
been underlined. It is high time that this omission 
is rectified. Peaceful nuclear devices are nothing but 
another loophole in the nuclear numbers game, and 
the similarity between peaceful and military nu- 
clear explosive devices is becoming of even greater 
significance when discussing nuclear proliferation 
today. 

The PNE loophole acts as an escape clause for 
the .superpowers, which became obvious after the 
1974 Moscow agreement. The prescribed threshold 
of 150 kilotons as the upper limit for yields from 
underground nuclear tests is so high as to render 
the controls even more ineffectual. Seen in this 
light, statements like the following from one of the 
superpowers, the United States, take on all the 
appearances of verbal smokescreens: 

Since it is not possible to distinguish between the tech- 
nology of nuclear devices for peaceful engineering pur- 
poses and that for nuclear weapons, the question of how a 
program for peaceful nuclear explosions might be carried 
out without violating the thrcHhold treaty is a complicat- 
ed one. Article III of the treaty commits the United 
States and the Soviet Union to pursue this problem in 

subsequent discussions 

It is important to develop a set of agreed procedures for 
peaceful explo.sions, as and if they become technically 
and economically feasible, to distinguish them clearly 
from weapons tests and make siure that they would not 
be u.sed for weapons purposes. ' 

The hope held out here is that the two govern- 
ments might work out ''agreed procedures" for 

PNE.s before their own bilateral and incredibly 
modest test ban enters into force in 1976. As both 
superpowers emphasize that the material economic 
value of PNEs is still very uncertain, there must be 
some other reason for not abandoning them. This 
could at least have been done temporarily until the 
question could be dealt with at the international 
level. But vague uncertainties are, of course, the 
very essence of loopholes: if ever the nuclear test 
ban became total, there would always still remain 
the seemingly innocent alternative of PNEs as a 
means of clandestine testing. 



Even more important from the point of view of 
the international community is the foreclosing of 
negotiations on a comprehensive test ban. When by 
bilateral dictum a threshold for permitted under- 
ground explosions is set so ludicrously high as 150 
kilotons for the military and no limit for peaceful 
explosions, any continued action at Geneva to in- 
troduce a much lower threshold i.'^ preempted. 
There had been envisaged a limit falling some- 
where between less than 1 and 20 kilotons, depend- 
ing on detection capabilities — the latter being the 
yield of a Hiroshima bomb. 

The whole disarmament agenda item of a com- 
prehensive test ban is now, of course, effectively 
killed by joint superpower action. That other na- 
tions would accept a lower threshold or a total ban 
is out of the question. 

The tasks of the NPT review conference being 
held this month cannot be seen in isolation: to initi- 
ate, and ideally conclude, negotiations at interna- 
tional level on PNEs or, as a minimum, to obtain a 
moratorium on them until an agreed solution is 
found. To find a solution without loopholes also 
requires the clearing up of anomalies in the test 
ban treaties which have crept in as a result of the 
introduction of threshold limitations, bilaterally at 
Moscow and as pending proposals also in the Gene- 
va Disarmament Committee (the CCD). 

Uses and Effects of PNEs 

Findings on the unfortunate environmental 
effects of nuclear explosions have a bearing on 
the Partial Test Ban Treaty; it may have to be 
amended. 

As nuclear explosions are forbidden except un- 
derground, PNEs can legitimately only be avail- 
able for mining operations. If gas, oil or minerals in 
any quantities are to be extracted by nuclear min- 
ing, the explosions would have to occur in great 
numbers. Underground tests have already created 
considerable radioactive fallout. When it spreads 
through the atmosphere beyond national bounda- 
ries it is a contravention of the Partial Test Ban 
Treaty. The nuclear weapon parties to the Treaty 
seem to treat this issue with mutual indulgence, 
calling such occurrences technical' violations. 
Other nations, notably Japan and Sweden, how- 
ever, have expressed concern on the subject and 
have made protests through diplomatic channels. 

The issue of whether or not any level of such con- 
tamination of the Eaith's atmosphere is permissi- 
ble should be categorically decided: that is, whether 
or not even a release of infinitesimal strength is 
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legally condoned. This issue takes on new signifi- 
cance if PNEs become tolerated. 

It has also been proposed that PNEs be used to 
excavate canals and harbors or change the course 
of rivers. These applications would have even more 
serious implications for the environment, as fallout 
would be even more extensive. An idea of what 
may be involved can be gained from assessing the 
nuclear costs of digging a sea level Panama Ca- 
nal—some 300 nuclear explosions with yields rang- 
ing up to 15 megatons would be required. 

Recently, the possibility of nuclear explosions 
destrojring the Earth's ozone layer has been raised. 
When the director of the U.S. Arms Control and 
Disarmament Agency, Fred Ikle, spoke of this dan- 
ger, he did so in relation to the potential effects of 
nuclear war, but the implications are dear for 
other uses of such explosions: 

We do know that nuclear explosions in the Earth's atmo- 
Sfdiere would generate vast quantities of nitrogen oxides 
amd other pollutants which might deplete the ozone that 
surrounds the Earth. But we do not know how much 
ozone depletion would occur from a large number of nu- 
clear explosions — it might be imperceptible, but it also 
might be almost total. We dn not know how long such 
depletion would last— less than one year, or over ten 
years. And above all, we do not know what this depletion 
would do to plants, animals and people. Perhaps it would 
merely increase the hazard of sunburn. Or perhaps it 
would destroy critical links of the intricate food chain of 
plants and animals, and thus shatter the ecological struc- 
ture that permits man to remain alive on this planet All 
we know is that we do not know.* 

But, if cratering PNEs were to be legitimized an 
amendment to the Partial Test Ban Treaty would 
be necessary, and this could be achieved only with 
the consent of a majority of the over 1 20 states who 
have either signed or ratified the Treaty. So for 
once the non-nuclear-weapon nations are in a 
strong position to veto any such attempts at an 
amendment. 

Proposed Long-Term Solution 

Given this situation, and in view of the very 

important proliferation prospect if PNEs are per- 
mitted, it is highly questionable whether there 
would be any value in pressing for international 
negotiations now on Article 5 of the NPT. The main 
task at the NPf review conference will be to keep 
the peaceful nuclear explosion issue alive and to 
outline an agenda for a long-term solution. A con- 
vincing solution, however, can only be found in con- 
junction with a comprehensive test ban. A model 
for a long-term solution without loopholes is pre- 
sented below; it places the proscriptions for nuclear 
explosions for peaceful purposes in a protocol to a 
comprehensive test ban treaty, which would ban all 
military nuclear test explosions. 

If a comprehensive test ban is to become a reali- 
ty, a new synthesis must be found between political 
and technical considerations. As India is the cause 
of the present alarm, let us look at how India now 
formulates the conditions for a non-discriminatory 
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solution, to which India would presumably adhere: 

We can make a beginning in oontrolling the nuclear 
arms race by agreeing on a comprehensive test ban. We 
feel that th^ is no justification or excuse fw continuing 
nuclear-weapon testing. . . . Only in the context of a 
complete cessation of all nuclear-weapon tests could con- 
sideration be given to the possibility of concluding an 
agreement on the regulation of underground nuclear ex- 
pkwioDS finr peaceful purposes to be signed by all States. 
The accompanying system of international safeguards 
which will have to be devised should be based on objec- 
tive, functional and non-discriminatory criteria. It should 
be universal in appUcation.' 

In 1968 the non-aligned nations of the Geneva 
Committee had recommended an international re- 
gime for conducting, or at least licensing, all PNEs, 
and had linked this solution to a comprehensive 
test ban.^ However, the form and the functions of 
sudi an international regime for handling PNEs 
have not as yet received close scrutiny. Before any 
agreement for the international regulation of PNEs 
referred to in Article 5 of the NPT can even be 
drafted, the basic issue of principle must be re- 
solved: to arrive at a proper division of functions 
between the licensing authority -with pomw met 
the very permission to undertake any explosion 
with its grave military implications — and the man- 
aging authority — with the obligation to assure that 
rules about tedmical feasibility, health safeguards, 
etc. , are strictly followed. 

Because of the need to assure that the PNEs will 
not be coupled with military nuclear test explosions 
a debate is urgently needed on how to separate the 
licensing authority and the managing authority 
functions of an international regime. The Interna- 
tional Atoniic Energy Agency is clearly the organi- 
zation which should undertake the latter function, 
and should be given the means to build up the nec- 
essary structure, both legal and administrative, for 
performing managing authority functions and ser- 
vices. 

The licensing authority of the international re- 
gime, the one which is of paramount interest from 
tile disarmament point of view, has receded far into 
the background: the need for an impartial authori- 
ty to decide on the right of a party to undertake 
nuclear explosions. That this has occurred is quite 
understandable, as it immediately raises the vex- 
ing question of the right to undertake explosions 
for any purpose — peaceful or not— as the devices 
themselves inherently have a dual piurpose. 

The superpowers' resistance to any internation- 
al regulation of the right to conduct PNEs is politi- 
cal in nature, as they continue to believe that 
nucl ear- weapon powers should have the right to 
conduct them without such international account- 
ability as licensing implies. 

For the dedsion-making or licensing authority a 
locus must be sought where non-discriminatory po- 
litical resfjonsibility can be exerted. It is difiicultto 
envisage, however, how such a function oottld be 
handed over to an existing body. The iaea govern- 
ing board has a disproportionately high number of 
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representatives from the technologically advanced 
nations. The U. N. Security Council has a pattern 
of veto rights which would render it ineffective as a 
I lic^sing agency. The U.N. Economic and Social 
I Council might possibly be entrusted with these 
tasks, although anything where disarmament and 
development ai e interrelated to such a degree has 
never before been laid on its shoulders. Thus, I 
have advocated the establishment of a new agency, 
an international disarmament control organization 
I (woo), which would permanently monitor all prob- 
lems pertaining to agreements in the disarmament 
field and would also be able to prepare background 
information for ad hoc cases." 

In any event the body in which final authority is 
vested must be directly responsible to a constituen- 
cy of the parties to each international agreement 
concerned, in this case the Non-Proliferation 
Treaty and the proposed comprehensive test ban 
treaty. The first step, however, should be the com- 
pilation of a comprehensive report on nuclear 
peaceful explosions, a report of the kind which the 
U.N. Secretariat has organized on many other occa- 
sions with great benefit as, for example, on chemi- 
cal weapons and the costs of the armaments race. 

In his latest annual report, the U. N. Secretary- 
General suggested that all aspects of peaceful nu- 
clear explosions should now become a subject for 
"international consideration." A resolution was 
dutifully passed by the General Assembly in 1974, 
but it only requested that the iaea continue its 
studies on the utility and feasibility of PNEs, in- 
cluding legal, health and safety aspects. The reso- 
lution further called on the Conference of the 
Committee on Disarmament (the CCD) to consider 
the arms control implications of PNEs, and ex- 
pressed the hope that the NPT review conference 
will also give consideration to the role of PNEs, "as 
provided for in the treaty." Vagueness thus scored 
again. 

A moratorium on PNEs would be a welcome step 
in the direction of a more effective universal ban. 
Inasmuch as the superpowers are having second 
thoughts on the value of PNEs a moratorium may 
be possible. (A moratorium on weapons testing was 
urged by U.N. General Assembly Resolution 3257 
(xxix) 1974, but not on peaceful testing.) 

The m^jor task, however, is to achieve a univer- 
sal, non-discrimnatory ban on all nuclear explo- 
sions. The most reasonable course would be to halt 
all nuclear-weapon tests, immediately and uncondi- 
tionally. Their continuanro runs counter not only 
to disarmament efforts but also to the interest of 
keeping a balance in the nuclear arms race. The 
superpowers though have hitherto not been in- 
clined to take such a rational view. Through their 
bilateral 1974 agreement on a threshold test ban 
they have indicated that they want to keep their 
options open for producing new nuclear-weapon 
systems. 

But the statesmen leading even the great nations 
of the world are not so free of their own military 
authorities and planning engineers that they can 




And here we have a peaceful nuclear explosion. 

Please, notice the peaceful posture of this device, not 
like this warlike device on my rif^ht. 



mn approval overnight for an immediate shutdown 
of all on-going weapon tests and operating weapon- 
test sites, so it is necessary to discuss methods of 
ending nuclear test explosions over a more pro- 
longed period of time, say a couple of years. Consid- 
erations of this sort led the Swedish delegation to 
the Geneva disarmament conference to present a 
draft treaty banning all underground nuclear 
weapon tests."* Protocols to this draft treaty were 
envisaged to allow different time lapses before 
various proscriptions enter into force. 

The idea behind a timetable approach is that the 
decision to stop all nationally decided and conduct- 
ed nuclear explosions should be made first— within 
the not too distant future— and that full interna- 
tional control should be introduced as soon as possi- 
ble. What is 'peaceful' about nuclear explosions 
should then no longer be an enigma. 

A major question remains unanswered, however. 
Should this decision on the permissibility of nucle- 
ar explosions — peaceful or military — be decided by 
the NFT signatories alone? Or, isn't this issue a 
m^jor one which directly affects the whole commu- 
nity of nations? 
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NOTES ON THE WORLD, PART 3 



The importance of point of view 

Hong Kong, Japan and home 



ROBERT COMER 
We are fiying to Hong Kong via Bangkok. Things 
seem rather relaxed on the Royal Nepal Airline. 
Passengers wander into the cockpit to look and 
chat and by the time we approach Bangkok there 
are some 10 person.s there. The countryside looks 
green and fertile and neat, crisscrossed by canals. 
We touch down, and the kibitzers leave the cockpit. 
The airport is vast and modern and clean. We are 
the only transit passengers and a vivacious hostess, 
with long shining black hair and enterprising eyes, 
takes charge of us. When Anne goes off to look at 
the duty-free shops, she flirts with me. Too soon, 
Anne has seen the silk ties and teak elephants and 
our tickets are taken care of. 

The BOAC flight to Hong Kong is a pleasant sur- 
prise. The hauteur of yesteryear has given way to 
cheerfully efficient and attractive stewardesses. 
Even the food is excellent, and the whole ambiance, 
from the confident U voices of the officers to the 
crisp summer whites of the purser evokes the Brit- 
ish virtues. How hard it is to generalize! 

Hong Kong is beautifiil beyond our expectations. 

The city reminds us a little of San Francisco, in its 
blend of ocean, bay, and hills. There is some irony 
in the fact that some of the older districts in this 
ultra modern, ultra rich town evoke the word 
Chinatown. Although our wanderings are hardly 
extensive enough to be conclusive, we get the feel- 
ing that even the large refugee population has been 
reasonably well absorbed, that there is, certainly 
by Asian standards, very little poverty. The public 
housing seems very much superior, if only in the 
way it is maintained by its occupants, to compara- 
ble public housing in American cities. 

Although the recent refugees are almost exclu- 
sively Cantonese, the majority of the present popu- 
lation of 4 million consists of post-World War II 
immigrants, largely from Shanghai. It was this 
wave which changed Hong Kong's economy from an 

The writer, a professor or chemistry at the University 
of Chicago, took a 50-day trip around the world in the 
winter of 1974. This article, last in a series of three, 
records his impressions. 



almost exclusive trade basis to the industry which 
gives it much of its present affluence. Hong Kong 
is quite obviously a very wealthy city, and it is far 
from a bargain paradise. Everything from food to 
suits and optical goods is relatively expensive. 

The history of the Crown Colony's acquisition is 
not a very glorious page in British history. The 
original small milita^ and mercantile station was 
expanded to its present size largely through the 
consequences of drug running. Hong Kong Island, 
for instance, was acquired in 1841 after England 
defeated China in the first opium war, which re- 
sulted when China balked at England's efforts to 
flood it with cheap Indian opium. Kowloon, on the 
mainland, was acquired after the second opium war 
in 1860. The New Territories, the colony's agricul- 
tural hinterland which supplies much of its food, 
was acquired in 1898 via a 99-year lease. It is im- 
probable that these humiliating facts have alto- 
gether escaped the notice of China's present rulers. 
For the moment, the British presence offers evident 
advantages to China, but many people are uneasy 
about the colony's long range future. 

* * * 

One man who at least professes con,siderable 
uneasiness and probably with good cause is Dr. W. 
The W's are relations of a young physicist, long a 
U.S. resident, who has recently been working with 
me. It is clear from the conversation that they are 
not in close touch with him and are entertaining us 
more as a matter of family honor than anything 
else. 

Any family, incidentally, could be proud of their 
efibrt. After lunch Mrs. W. arrives in their chauf- 
feur-driven air-conditioned Chrysler limousine and 
takes us around the island: a visit to the Peak via 
funicular, while the chauffeur worries about park- 
ing; a drive to Repulse Bay on the other side of 
Hong Hong Island with its white sand beach and 
limpid blue water — it evokes Bermuda — and tea 
(which turns out to consist of crSpes au Grand 
Marnier), at the hotel there. 

Now, in the evening, Dr. and Mrs. W. have taken 
us to a Mandarin restaurant, in Kowloon, where 
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A haze of shrimp steamed with ginger; a sweet mist of bean curd and taffy apples, 
with all sorts of fish and meat and vegetable dishes in between. 



two of their children will shortly join us. Dr. W. 

speaks no English but quite good French, which his 
wife does not understand, so that we find it neces- 
sary to translate for her occasionally. Dr. W. domi- 
nates the conversation and does not bother much to 
include his wife. She seems to find this quite natu- 
ral and, in effect, says as much, asserting at some 
point in our conversation that she believes in male 
superiority. What would the Sisters back home 
say? The quietly patrician Mrs. W. incidentally 
seems the stronger personality of the two. 

Dr. W., short and chubby, seems to find a certain 
satisfaction in asserting that the communists, if 
they came, would shoot him as a capitalist, which 
he most assuredly is. He talks of emigrating to the 
United States and opening a restaurant, much as 
Lyndon Johnson might have talked of retiring to 
Texas to open a country store. The postwar history 
of the W's is probably not atypical; Dr. W. contin- 
ued to work at his hospital in Shemghai after the 
communists took over but soon started to plan his 
emigration. The first to leave for Hong Kong was 
Mrs. W.; somehow Dr. W. got permission to visit 
her, and did not return. A 20-year-old daughter, 
then a baby, still lives in Shanghai, as do several 
old aunts. The Shanghai daughter cannot get out, 
and of course she is compromised by her defector 
parents. Although it is ungracious, considering how 
nice the W.'s are being to us, and what an excellent 
dinner we are having, I cannot help thinking that 
China is as well off without Dr. W. as Dr. W. is 
without China. 

The dinner really is superb, ordered after lengthy 
and animated discussion between Dr. W., apparent- 
ly well known here, and the headwaiter. It is built 
around Peking duck served in the three traditional 
courses, skin with pancakes, scallions and plum 
sauce; meat and vegetables; and finally (for the 
duck courses that is) soup made from the hone.s 
However, all that is somewhere in the middle of the 
meal. The beginnings recede into a haae of shrimp 
steamed with ginger and the final courses fade into 
a sweet mist of beancurd and taffy apples, with all 
sorts of fish and meat and vegetable dishes in be- 
tween. For once Anne's normal astuteness is 
dulled— no doubt by this embarras de richesse- 
and she keeps asking Mrs. W. whether she makes 
such and such a dish at home, to which Mrs. W. 
replies that no, despite her two ftill-time cooks, 
such and such is too difficult to make at home. I 
finally intervene and say that Anne should realize 
that we are having extraordinaiy delicacies which 
no household could possibly prepare. Mrs. W. flash- 
es me a quick smile. 

After dinner the W's son takes a number of pic- 



tures with very fancy looking Nikon equipment, 
the children are taken home by the chauffeur and 
we elders go for a short walk before brandy and 
coffee. 

* * * 

We are under way to Kyoto, our penultimate 

stop. Our reservations are finally in order, after a 
bad scare. At the very start of Anne's journey Air 
France's computer had somehow got the notion that 
we are both flying to Paris from Chicago, and is 
since avenging its disappointment by systematical- 
ly cancelling our reservations throughout the rest 
of the trip. Most of the time we have been able to 
outwit it, but now it seems to have us cornered. It 
has cancelled our reservation to Osaka, and there 
will be no space available on any airline, despite 
the several daily flights, until midweek, long after 
the start of the conference. An interestin>^ .sidt'lii^ht 
on the flow of businessmen to and from Japan, but 
one which we had just as soon not discovered. 
Anyway it all gets straightened out after some not 
so mock-angry conversations with Air France, and 
here we are in Osaka, somewhat apprehensive be- 
cause of our total lack of Japanese. Needlessly so. 
At the airport enough English is spoken to get us 
on the bus to Kyoto. Although the driver speaks no 
English (very few Japanese do), a bilingual tape 
recording synchronized with the departure (and 
arrival in Kyoto) gives us all the information nec- 
essary. 

The ride to Kyoto, some 30 miles, over very mod- 
em freeways with complicated cloverleaves and 
overpasses and underpasses never once passes 
through open country, although we see in the dis- 
tance some hills which have not been built over. 
The smog is no worse than in Chicago. 

We are staying at the Palace Side Hotel, officially 
described as second class although it is quite luxu- 
rious by our standards for non-U.S. lodgings and 
scrupulously clean. There is even a television set. 
The name of the hotel describes its location quite 
accurately, it faces the gardens of the Imperial 
Palace. 

We don't venture far afield for our first meal but 
take the recommendation of the hotel desk, and go 
to a place just down the street. As usual a mistake. 
It turns out to be mod-Chinese with expensive, 
mock-Chinese food and entertainment, consisting 
of a small band and a very pretty girl singer who 
belts them out in English and Japanese. After din- 
ner we wander around the neighborhood a bit. 
Somehow it seems familiar, despite the occasional 
pagoda roof, and makes a distinctly Western, al- 
most American impression, except for the fact that 
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it is much cleaner and neater. 

In a small back street we come upon a tiny 
pastry shop. As in most Japanese eating establish- 
ments the window displays plastic replicas of the 
offerings, which look very tempting. We buy a piece 
of tortu, which turns out to be as good as the prod- 
ucts of most Swiss or Austrian Konditoreis. Later 
during our stay we find that good pastry — Austri- 
an, German, Swiss, but not the abominations which 
pass for French pastry in America (sad to say not 
entirely unknown in France) — is ubiquitous in 
Japanese cities. Is it one of the few marks left by 
the Axis period? 

At the hotel our beds have been turned down, 
and kimonos and slippers laid out. On the televi- 
sion there is a volleyball tournament. Whenever 
the ball goes out of bounds a linesman waves a flag 
and the referee shouts, "onto." After each game the 
teams line up in two parallel rows and bow to each 
other. Later we find this true also of baseball 
teams. The effect is immensely comic but also 
touching. The television programs seem very 
American to us, even the Samurai and robbers 
stuff, although we can't figure out who the bad guys 
are until the very end when they get killed because 
the good guys scowl, if anything, more fiercely. In 
addition to the standard commercials little squibs 
waft across the bottom of the screen during the 
program material. 




The meeting, an international Congress on sur- 
face and vacuum phenomena, takes place in the 
fairly new International Conference Hall, an enor- 
mous abstract pagoda of glass, wood and steel, 
rather attractive. The location among pine covered 
hills on the shore of a small lake is very peaceful. 
Nearby the enormously tall net of a golf driving 
range mars the view. Golf is very popular but my 
guess is that most of it is confined to these driving 
ranges which one sees everywhere. The attendance 
at this meeting must be close to a thousand people, 
roughly ten times the optimum, and since the price 
of a ticket to Japan consists, for most of the partici- 
pants, of a paper to be presented, there are enough 
papers to force the meeting into six parallel ses- 
sions. Unfortunately they are so arranged that 
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almost everyone must miss a few things he would 
like to hear, and is forced to break into and out of 
sessions. It is very disconcerting for some of the less 
well-known (and even more disconcerting for some 
of the well-known) speakers to have the hall empty 
just before their talk. 

Despite the vast masses of people surging 
through the building the usual microcosms soon 
establish themselves. I see friends and acquaint- 
ances from England, Germany, Australia, the 
States, Italy and, of course, Japan. It is amazing 
how many people over the years one has argued, 
shared an evening or corresponded with, or whom 
one has visited, or been visited by. Often one has 
not thought about someone for years, only to find 
an easy camaraderie re-establishing itself instantly 
during encounters like the present. Much of it of 
course is mutual reassurance — you are a good fel- 
low and do good work and so am I — but often it 
goes beyond that. Even at a large meeting like this 
it is possible to get quite a bit of useful information 
on what people are doing, mostly over a cup of cof- 
fee or lunch, almost never from the formal talks 
which are so structured that there really isn't time 
for meaningful discussion, even if the size of the 
audience were not inhibiting. 

* * * 

During this week Anne and I see each other 
mostly in the evenings, and much of my sight 
seeing is vicarious. Anne has been exploring Kyoto 
and its temples on foot and by streetcar. I find it 
possible to take off one morning and one afternoon 
to join her. Somehow Kyoto continues to evoke fa- 
miliarity, as if a view of the mountains here, a 
street corner there, had already been seen some- 
where, sometime. Possibly it is only that the total 
impression is so unoriental, unexotic, despite the 
temples, and the Japanese roofs. 

Nevertheless Kyoto has distinct character, and- 
conveys a feeling of peace and calm. Partly this 
stems from the fact that its historic significance as 
the capital of feudal Japan from about 800 A.D. to 
the very end of the Shogunate in 1860 has spared it 
some of the progress which has occurred elsewhere; 
its setting amid pine covered hills and mountains 
helps too. From our hotel we can see patches of 
snow on Mount Hiei; it doesn't seem farfetched to 
imagine Genji seeing it pretty much the same way, 
800 years ago, just finding time in a hasty poem to 
compare the snow of the plum blossoms to that of 
the mountain, while hurrying to an assignation. 

The streetcars are a blessing and make it easy to 
get around. They will be put out of service in a 
month's time to make room for more car traffic. 
Anne has put off seeing Ryoanji temple with its 
famous rock garden by the artist Soami until we 
can see it together. A rectangular patch of sand, 
perhaps 15 by 25 feet, seven small rocks sticking 
out of it, no more, no less. Despite the crowd of peo- 
ple it seems to speak to each viewer individually. To 
me its speaks of spareness, serenity, and solitude. 
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There is no need to imagine islands in a sea or 
mountain tops above clouds. The Ding an sich suf- 
fices. Above all I am startled by the sophistication. 
Soami's garden dates from the end of the 15th cen- 
tury. Next to it one can look into a room in the 
temple: bamboo mats; a few simple but exquisite 
pieces of fiimlture; the simplicity of a very eiristo- 
cratic elite. 

By now we have discovered where and how to eat 
sensibly, well, and not least cheaply, namely tiie 

myriads of unassuming neighborhood restaurants 
with their plastic displays. Although a Western 
dinner featuring steak or roast beef will not cost 
less than $20, for less than a tenth of that one can 
have a perfectly adequate meal built around a 
ramen dish — wheat or budnxAieat noodles, with 
broth, a little meat and some vegetables, invariably 
served to be attractive to the eye as well as to tiie 
palate. Communication is no problem, one simply 
goes to the window and points. 

* * * 

There is a reception by the mayor of Kyoto at one 
of the downtown hotels this evening for some of the 
foreign visitors. The party starts a bit stiffly with a 
reception line like all such events, but food and 
drink are good and plentiful and loosen things up. 
There is a curious mixture of Western dishes, 
deviled eggs, casseroles, and Japanese delicacies: 
yakitori, a Japanese version of shishkebab; noodle 
dishes, prepared in situ; hot sake and excellent Jap- 
anese whisky, tasting very much like a good mellow 
Scotch. After a while there is a speech by the mayor 
followed by remarks by Leo Esaki, a young physi- 
cist working for IBM (in Yorktown) who received 
a Nobel prize last year for his invention of the 
so-called Esaki diode, a semiconductor device with 
a current-voltage curve like a roller coaster which 
makes it useful in a number of ways. Esaki's work 
is not particularly related to surface phenomena 
but he is Japanese and a Nobel prize winner, 
and from Kyoto. Also on hand is Hideki Yukawa, a 
theoretical physicist famous for his prediction of 
what is now known as the pi-meson, whose work 
h£is even less to do with surfaces; he too is a son of 
Kyoto and a Nobel laureate. Esaki and Yukawa are 
allowing themselves to be pointed to with pride, 
and even go so far as to sing with the mayor their 
old Kyoto high school song, which has something to 
do with saying "to hell with Schopenhauer." Esaki 
is very much the American hail fellow well met, 
but the bonhomie sits a little strangely on Yukawa. 

Next day I read in the Japan Times an interview 
with Esaki in which he complains that the Japa- 
nese system of higher education tends to stifle 
creativity in the sciences. He is right, but he de- 
scribes only a small facet of what for once must be 
called a national characteristic. The genius of Ja- 
pan has always been to adapt rather than to inno- 
vate, to borrow from another culture and to make 
the borrowing peculiarly its own. It is curious how 
strongly this trait has persisted through the centu- 



ries. The first important borrowing, still of im- 
mense importance, was from the Chinese; it started 
almost 1,500 years ago and continued well into the 
Middle Ages. The next was from Europe and Amer- 
ica in the 19th century. The last borrowing, almost 
wholly from America, commenced with the Mc- 
Arthur era, is still in progress and its ultimate ef- 
fects obviously can't be assessed yet. It is amazing 
that the Japanese, who in most ways seem rigidly 
traditional, have always had this flexibility, and 
have heea able to use it so well. The tranrformation 




of the Shogunate, a loose agglomeration of virtual- 
ly independent fiefdoms controlled by local daimyos 
and samurai, into a modern nation-state was ac- 
complished in less than a decade because enough of 
the leaders saw that the only way to prevent a 
takeover by the Western powers was to fight fire 
with fire, to become Westernized. 

Yet what Esaki says is quite true. Transistors for 
instance were an American invention. Within a few 
years their manufacture and the manufacture of 
transistor-based devices had gravitated largely to 
Japan. Yet the logical next step, their miniattu*iza- 
tion into so-called integrated circuits, which makes 
it possible to have the equivalent of some 30,000 
transistor circuits on a chip of silicon the size of a 
fingernail, was again an American achievement. 
And once more: The miniature calculators based on 
integrated circuits have so far all come from Amer- 
ica. Much the same applies to games. The most 
popular sports are baseball, volleyball, golf Even 
Go, that marvellous game, is Chinese in origin. 
What makes the Japanese at once so flexible auid 
adaptable and yet in some ways too rigid to push 
ahead, to invent? Perhaps their flexibility consists 
mainly in accepting any tradition, Japanese or for- 
eign, as long as it is a tradition. 

The conference depresses me a little. There is 
some innovative work presented, but by and large 
it has become clear that surface phenomena are 
now entering the stage of big science where money 
can be translated into apparatus sure to bring re- 
sults. Not that the results are unimportant, or un- 
interesting, far from it; but somehow the aesthetic 
appeal, the feeling of treading entirely new paths ia 
diminishing and that has always meant a great 
deal to me personally, an unabashed romantic of 
science. There are many scientists who would sneer 
at this attitude, and not only the entrepreneurs, 
the businessmen and politicans of science who suc- 
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The uniqueness which is Beethoven's or even Gibbon's seems denied to scientists. And 
yet scientists can be immortal, too. For there are styles in science as much as in art. . . 



ceed as much by force of personality as anything 
else but also many whom I respect for being more 
than that. They are quite right of course, the end is 
more important than the means, but still. . . . 

I have often wondered, in this connection what 
motivates research scientists. Of course one can 
speak with moderate confidence only of oneself, 
but since I am unlikely to be all that unique, my 
feelings are probably fairly widespread. There is a 
sort of historical development. In early youth one is 
fascinated by the intellectual discoveries which 
one's reading suddenly reveals, and there is proba- 
bly a good bit of hero worship too. Later, all but a 
tiny fraction of those who make it through the aca- 
demic mill learn that they have to settle for less 
than grappling with the very deepest questions, at 
the very frontiers of knowledge, and for some like 
myself there can follow a period of relative disap- 
pointment. But eventually I think most scientists 
accept themselves and their capabilities and find 
that whatever the field or the level there are un- 
ending challenges. Of course one works not only 
because one wants to *noi^— one works very much 
also for the esteem of one's peers, and I use the 
word advisedly. Mercifully no analytical chemist 
compares himself with Einstein, and that makes it 
possible to find one's new paths not only on the 
very mountain tops but also in many a half-wild 
valley. Curiously this need for appreciation usually 
gets abstracted and internalized, at least in part, 
and becomes an internal standard, often far more 
severe in its judgment than any external judge. 

In all honesty I think that most scientists con- 
sider the potential useftilness of their work as sec* 
ondary. It is nice to feel that we may not be drones, 
but we would probably want to be scientists even if 
we were. Similarly, I think few scientists feel 
guilty about the misuses of science and its bastard 
daughter technology, even though, like myself, 
they can be pretty upset about such things. I don't 
want to roll out old chestnuts about science being 
valueless, and scientists do have social responsibili- 
ty like everyone else and more, since they at least 
ought to understand the potential implication of 
scientific results better than others but it seems 
absurd to condemn the urge to know. What must be 
condemned all too often is the urge to do the wrong 
tiling with that knowledge, but that is something 
else again. Finally, at least for my generation the 
relative affluence many of us now enjoy, thanks to 
the Russian launching of Sputnik I, has been some- 
thing quite unexpected. And although we do enjoy 
it, it had nothing to do with career choice. In fact, 
at the time quite the contrary. 

Probably the most accurate way to sum up moti- 
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vation is to say that it is very much like that of the 
artist. Perhaps that sounds like an evasion, but it 
is not meant to. There are many similarities be- 
tween art and science although, from the selfishly 
subjective view point of the scientist, many differ- 
ences too. For one thing no scientist, not even Ein- 
stein or Newton, can make unique contributions. 
Sooner or later someone else would have made the 
same discoveries, had the same insights. In this 
respect science differs froms art, despite the simi- 
larity of the subjective feelings of scientist and ar- 
tist in the act of creation, simply because there 
seems to be a reguleurity and an inherent logic in 
the realm of physics which, almost by definition, is 
not inherent in art. There is no way to escape the 
special theory of relativity, or quantum mechanics, 
once one starts down the road pointed by Newton, 
but no inescapable logic leads from Bach's St. Mat- 
thew's passion to Beethoven's last quartets, and 
even less from the great fugue to anything that has 
come after. A work of art can be sui generis, 
unique, despite the fact that in ait as in science 
there are leaders as well as the led that art evolves. 
But there is no absolutely prescribed path which 
sooner or later, no matter what detours or shortcuts 
one takes, must be encountered again as in physics. 

The closest physics comes to art is in the impor- 
tance of point of view. A new point of view, of look- 
ing at what is already understood in a diflinrent 
way is usually the point of departvire for new dis- 
coveries. This can be true of experimental work as 
of theory. Yet the new knowledge lies under the 
siuface, ready to be mined. It is only a question of 
time. And that of course is what achievement in 
science boils down to. Who knows how many cen- 
turies physics might have lain dormant without 
Newton? By the time of Einstein in 1911 it would 
probably have been a matter of 10 years or less to 
the theory of relativity. The theoretical work of 
Minkowski, Lorentz, and Fitzgerald, and the Mich- 
elson-Morley «cperiment had laid the groundwork. 
By 1924 quantum mechanics was in fact discovered 
simultaneously by Schroedinger and by Heisen- 
berg, although Heisenberg's way of saying the 
same things looked different. So the uniqueness 
which is Beethoven's or even Gibbon's seems de- 
nied to scientists. And yet scientists can be immor- 
tal too. For there are styles in science as mudi as in 
art, and when I read a paper by Willard Gibbs or 
Enrico Fermi the man is there and speaks to me, 
and Gibbs is not Fermi nor Fermi, Gibbs. 

Have I exaggerated the uniqueness of art and 
artists relative to science and scientists? Probably 
yes, in the sense that despite the total absence ciS 
necessity for any given specific work of art there 
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may be a psychological logic which inexorably 
demands certain general forms of expression. After 

all the music of Palestrina is as unthinkable in the 
19th century as that of Chopin in the 16th. And 
just as certain discoveries could have been made in 
rather different ways, so certain general modes of 
expression would probably have been arrived at via 
rather di&rrait individual pieces of art. And just as 
we admire a great work of art for itself ratlier than 
for the style it represents, so scientists admire a 
fine piece of research as much for its ingenuity and 
elegance as for its importance in the larger scheme 
ofthinga 

4i * * 

The meeting is over, my talk today went reasona- 
bly well; the size of the audience has been ade- 
quately reassuring. Anne and I are treating our- 
selves to a good dinner. We have enjoyed Kyoto 
immensely. For Anne it has been more of an adven- 
tiare than for me, since her excvu-sions and encoun- 
ters have taken her further afield than me, who has 
met only the kind of Japanese I have already 
known. Highlights of Anne's week: Nara, the capi- 
tal tii Japan before Kyoto, and getting around there 
with no English speakers or understanders any- 
where near; a non-commercialized tea ceremony, to 
which she is taken by some of the Kyoto professors' 
wives she has met, who are impressed by her 
knowledge of Japanese history. The teamaster 
turns out to be a Ph.D. in physical chemistry who 
has given up chemistry to devote himself exclusive- 
ly to the nurture of Japanese traditions; a Noh 
play. 

* * * , 
We have gained a day, it is still Saturday. There 

is a certain relaxation to being on American soil 
again, to know exactly what to expect of immigra- 
tion, customs, taxi drivers, hotels, and, God save 
the mark, newspapers. We are also travel weary 
and glad to do little more than lie in the sun for a 
while. Our hotel in Waikiki is near but not on the 
beach; unlike the pleasure palaces on the ocean it 
is unpretentious and (}uiet. It is amazing how much 
unpleasantness can sometimes be avoided simply 
by paying less. Our veranda faces West so that we 
can see Doth the ocean and the mountains inland. 
Rather, we would be able to see the mountains, 
which I remember vividly from my first visit here 
15 years ago, were it not for the new high-rise de- 
velopment which lies between them and Waikiki. 
These new buildings are beautiful in a futuristic, 
luihuman way, as if they had been designed for and 
by giant moon ants. The lush, Gauguin-like back- 
drop of mountains and tropical vegetation height- 
ens the slightly nightmarish impression of the 
whole. For me this housing in this setting epitomiz- 
es America's genius and its curse: The spirit of en- 
terprise that knows no limits, born of the frontier 
and the land's boundless wealth, the spirit which 
brou^t cars for the millions and moon shots, and 
also Vietnam and the cementing of America. 



Waikiki beach is pretty much as I remember it, 
but there seem to be more hotels. The same bored 

Hawaiians are taking hotel guests for outrigger 
and catamaran rides, the same complimentary 
cocktail and lei routines are unwinding for today's 
arrivals, distinguishable from yesterday's crowd by 
the absence of lobsterpink coloration. The sand is 
crowded, the water einpty. To the mix of lonely sec- 
retaries and uxorious, overfed, and underexercised 
Midamericans has been added a large infusion of 
Japanese of all ages and waistlines, happily taking 
each other's pictures against Diamond Head. Their 
importance here is obvious. Not a shop or restaur- 
ant on Kalakua Avenue is without its bilingual 
displays or its prices marked in yen. The local pa- 
pers abound with discussions of Japanese currency 
restrictions fair tourists, and the revaluation of the 
yen. 

When I visited Oahu in 1969 on my way to Aus- 
tralia one could still get a feeling of the wide Pacif- 
ic, an inkling of Polynesia, of other isles over the 
horizon beyond the lazy great swells and it oc- 
curred to me how beautiful Hawaii must have been 
in the time of the sailing ships. That summer the 
first commercial jets crossed the Pacific and this too 
marked the end of an era. Henry Kaiser had re- 
cently started developing' Oahu. Today the process 
is pretty well complete and the island is little more 
than a super-Southern California, with touches of 
Miami tiirown in ibr good measure. 

We have rented a car and are driving around 
Oahu counterclockwise, through the lush pre- 
serves of the wealthy around Diamond Head, pdat a 
Hilton, around Koko Head, on to a totally deserted 
five mile long crescent of beach at Waimanolo, 
where we swim and eiyoy the luxury of being alone 
even though there are houses just beyond the sand. 
Then on along the North East coast; lunch in a 
Mexican restaurant in some little town, across from 
a Kroger Mart; for some reason the town reminds 
me of the country back of San Diego, Escondido, 
say. Then on to Sunset Beach, at the Northern tip, 
where the big breakers are. On the way a little in- 
digenous culture, near Punalutu a few decrepit 
shacks and a birth control information center for 
natives. 

On the way South we turn inland, past the pine- 
apple plantations. Much of the rich, red, volcanic 
soil is being torn up for housing developments and 
highways. There is even an Intertate-someUiing-or- 
other. Anne asks me where it runs to and i tell 
her, Texas, of course. 

With the exception of the public beaches and mili- 
tary reservations, there is not an inch of coast line 
that is not 'developed,' meaning in private hands. It 
is curious how many people accept the eurgument 
that conservationists and Sierra clubbers are elitist 
and land developers democratic. 

A few hours later we are on our way to Los An- 
geles, which extends to San Bemadino now, and 
not long after that over Chicago, which now ex- 
tends to Elgin. We are home. □ 
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The first atomic bomb: 0.006 sec. 

'ALL IN OUR TIME' 



0.016 sec. 



A foul and awesome flisplay 



KENNETH T. BAINBRIDGE 

My first view of the Trinity base camp was in 
January with David Anderson when we sought a 
location for an SCR-584 radar to try to follow the 
ball of fire if the test were successful. A sergeant 
brought a Weasel by truck from Los Alamos and 
met us at the north end of the Sierra Oscura. He 
drove us up through a snow storm. The snow flakes 
got bigger, the snow got deeper, and with increasing 
altitude, the trees got closer together and finally 
blocked our passage. We returned to the valley 
where I had my car. Anderson and I entered the test 
area. At that lower elevation the snow had become 
rain. Slithering on the soapy adobe road we passed 
through the barracks area and returned to Socorro 
without being challenged. 

It was Security's hope that the Trinity site would 
not be associated with Los Alamos, 230 miles away. 
But trailer-housed itinerant workers, indigenous to 
that part of the country, recognized Lt. H. C. Bush 
and many others at Trinity whom they had known 
at Los Alamos. When the small group of U.S. Army 
Engineers did not have the special equipment need- 
ed for some construction work, contracts had to be 
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let to civilian firms in order to meet the increasing- 
ly tight schedule. 

In the autumn of 1944, the plan for a camp com- 
pleted in December called for housing 160 military 
and civilian personnel. But on June 1, 1945, in ad- 
dition to military camp personnel there were 210 
scientists and technical aides, 250 by the middle of 
July, and a total of 425 on the weekend of the test, 
and a few special guests. We had asked Groves to 
keep his VIP list below 10 in number. 

Instrumentation of Test 

Victor F. Weisskopf was the chief consultant on 
plans for instrumentation of the test. He supplied 
and updated the predictions of the expected yield of 
the implosion bomb and its radioactive, optical, 
physical, and nuclear effects — properties essential 
to planning all of the measurements. Later in 1944 
Enrico Fermi joined for nuclear experiments, and 
in the spring of 1945, William G. Penny advised on 
blast problems and Joseph O. Hirschfelder on fall- 
out expectations. 

Every new suggestion of a useful measurement 
was considered on the basis of value, time scale for 
completion, and available personnel and shop time. 
Some overlap was allowed for the simpler experi- 
ments. The advantage of redundancy was great. No 
delay of the implosion test on the first practicable 
date could be supported on the basis, "Our experi- 
ment is so important that the test must be delayed 
until we are ready." 

There were really three classes of experiments 
scheduled. One set of tests was prepared to obtain 
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measurements on blast, optical, and nuclear effects 
and characteristics. Another set, for which Robert 
R. Wilson, Bruno Rossi, Kenneth Greisen, Ernest 
W. Titterton and others were making preparations, 
was for a more detailed study of the implosion pro- 
cess and a check on the detonators, which would be 
of great value if the implosion should be imperfect. 
The measurement on the simultaneity of detona- 
tion of the explosive lenses was my least favorite 
experiment, as it meant that the test bomb was 
more complicated than the final "production" units, 
and that the chance of irregular predetonation by 
pick-up from lightning or any other factor was in- 
creased. 

A third category was an experiment of great sig- 
nificance for the proposed explosion and for moni- 
toring future atmospheric nuclear explosions any- 
where. Herbert L. Anderson had worked it out. He 
had suggested a radio-chemical method for measur- 
ing the yield of a fission weapon. Later it appeared 
that a great amount of useful information could be 
obtained from the fall-out of nuclear explosions 
anywhere in the world. We were able in 1945 to 
pick up the Hiroshima explosion using specially 
equipped B-29s in California. Altogether there 
were some four long-range detection methods of 
which we tried three in 1945. 

It was information on fall-out which was pre- 
sented to President Truman in September 1949 as 
proof of the first successful Russian test of a bomb 
in the atmosphere. This method, available to any- 
one in the world properly trained in the techniques, 
was used quite independently by a Japanese physi- 
cist to give particularly important scientific results 
after the first U.S. hydrogen bomb test. I heard in 
November 1973 that details of the method are still 
classified by the Atomic Energy Commission. 

Anderson proceeded with his idea and secured 
the aid of Nathan Sugarman's chemistry group 
from Chicago, which included D. Engelkemeier, 
S. KatcofT, J. Miskell and A. Turkevich. A mock-up 
of 1,000 curies of dissolved reactor fuel was used in 
the May 7, 1945, rehearsal test at Trinity. Herb 
Anderson's experiment did not need and could not 
be complemented by another experiment. His group 
was ready and all they needed was a yield of nucle- 
ar energy of any amount whatsoever. 

In the summer of 1944, I was convinced that a 
rehearsal was imperative as there would be only 
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one chance with the main test. A proposal was 
made to Oppenheimer for a test of 100 tons of ex- 
plosive, to check our instrumentation and facilities, 
to calibrate gauges, and to determine weaknesses 
in the plans and organization. There did not seem 
to be any properly instrumented prior tests any- 
where in this range of 100 tons. Also it was known 
that explosions above a few tons of TNT would 
have different blast and scaling characteristics 
than were well known for smaller explosions. At 
first opposed to more work and complication, Op- 
penheimer soon agreed to plans for a rehearsal 
shot. He later went out of his way to thank me for 
this insurance to enhance the chances for success of 
the Trinity explosion. 

The 100-ton rehearsal shot planned for May 5 
was detonated on May 7. The center of the 100-ton 
pile was 38 feet above the ground to scale effects to 
conform to the final implosion test bomb on a 100- 
foot tower on the basis of the then predicted yield. 
Kistiakowsky's division obtained special fast-acting 
explosives arrayed in the cylindric cubic structure 
of TNT to improve the speed and uniformity of the 
explosion. As Kisty told me, these explosives were 
not sensitive to mechanical shock, which was prov- 
en when (a) some boxes fell off a truck transporting 
the explosives from the rail siding at Pope, and 
when (b) some boxes fell off the elevator while I 
was taking a movie record standing on the stairs 
above the platform while Lt. Bush and his Military 
Police constructed the array. 

The rehearsal accomplished what we had hoped 
for, or feared. We needed decent roads as the in- 
creased traffic for two weeks before the rehearsal 
had turned the scraped adobe roads to dust which 
got into everything. One expert-come-lately, eager 
to add an experiment, drove a car under our low 
wires and over unburied cables, resulting in last 
minute breakage and frantic repair to correct the 
damage. John Williams defined in detail the canine 
and questionable ancestry of the expert to his face 
which he took without a whimper. Communication 
facilities were insufficient or broke down. Other 
real troubles and some gripes came out in a meet- 
ing at Los Alamos. • 

Groves agreed to putting down 25 miles of black- 
top road at $5,000 a mile, enough to provide a 
waterproof seal over the adobe and caliche. The 
new roads provided a superlative example of 
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planned obsolescence. Built to last three months, 
they started to break up 92 days after completion. 
Hundreds of miles of wire were on low poles off to 
one side of the road so that checking and repairs 
could be made rapidly at any location. Every one or 
two hundred yards two poles were raised and the 
wires elevated to give safer passage to any car or 
truck. Cables were buried. The rehearsal shot had 
gone off V4 second early due to electrical pick-up. 
This would have been costly in the final test where 
so many of the results depended on programmed 
timing down to the last millisecond. This provided 
one more reason to rule that after four weeks prior 
to the final test date no new experiments would be 
added to avoid new wiring with attendant pick-up 
hazards. Four weeks had been arrived at on the 
basis of two weeks for installation of new experi- 
ments and two weeks to engage in the final tune-up 
and rehearsals, including a few with B-29 planes 
from Kirkland Field. 

All personnel, except those in the arming party, 
would be required to clear out of the area within 
10,000 yards of Point Zero two hours before the 
scheduled detonation time. Walk out if a car broke 
down, but get out! 

The night of the successful rehearsal shot was 
the one and only time at Trinity that I had an al- 
coholic drink until a few days after the final bomb 
test. Lieutenant Bush, John Williams and I relaxed 
at a poker game with John H. Anderson who joined 
us when he could. Anderson was a civilian security 
agent I was told. What his job was I never asked 
and he never volunteered to define. He didn't act 
like a psychiatrist. We were feeling good because 
the explosion had been satisfactory and no one was 
hurt. In the midst of our celebration, a rocket went 
off. 

There were rockets with wires attached for use as 
a trial sampling technique to recover plutonium 
and fission products in a drag cup after the real 
test, and one of Herb Anderson's group had picked 
that night to try one out as he considered it safe to 
do so now that the 100 tons of explosives were gone. 
Goodby fun and games! I found Herb Anderson and 
together we loaded the remaining rockets into a 
truck and drove to one of our explosives magazines 
where they were stored and firmly locked up. 

In March and in part of April and May, the lower 
urgency schedule was about as follows: Up at 5 
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a.m., breakfast; off to work at 6 a.m., an early 
lunch; office work when the day's heat around 1 
p.m. was too much for physical work outdoors; back 
to the test area, returning to base at 5 p.m. After 
supper every day during the week there would be a 
session on construction led by Williams with Sgt. 
A. H. Jopp (wiring), Sgt. Gibson (construction), and 
some group leaders present to report on what had 
been done and what priority jobs had to be tackled 
the next day. Sergeant Jopp, a line man for a power 
company by trade, was the only man who knew 
where the 500 miles of wire started and stopped. 
He was side-swiped and knocked down but not in- 
jured by a 5-ton Mack truck driven by the only 
woman working at the site during a flurry of gravel 
hauling for construction. 

After the evening meeting a poker game gener- 
ally followed, ending at 11 or 12 p.m. The outdoor 
air and exercise seemed to serve as a substitute for 
sleep. It was only the last month before the test 
that contributed to physical and nervous strain to 
any great degree, largely because there was no 
time for relaxation. 

In the middle of May, on two separate nights in 
one week, the Air Force mistook the Trinity base 
for their illuminated target. One bomb fell on the 
barracks building which housed the carpentry 
shop, another hit the stables, and a small fire start- 
ed. Fortunately the barracks occupied by soldiers 
and civilian scientists were not struck. If the lead 
plane hit the generator or wires and doused the 
target lights, then the succeeding planes looked for 
another illuminated area. This must have been 
what happened in May of 1945. After all, the crews 
had come at least a thousand miles to pass their 
final exam and had probably never been told of 
anything except targets in the area. 

We had requested two SCR-584 gun-director ra- 
dars and operating crews. This was the radar sug- 
gested by Louis Ridenour and developed by Ivan 
Getting at the MIT Radiation Laboratory which 
helped to bring down some 90 percent of the V-1 
rockets. 

Worried about the destruction of all our efforts if 
some budding bombardier should later destroy the 
test bomb with a hit on the tower, I asked Robert 
Oppenheimer if we couldn't convince the next 
batch of military planes or the occasional curious 
individual plane to stay away by firing smoke 
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shells ahead of any intruders to demonstrate that 
forbidden area meant just that. An SCR-584 gun- 
director radar and gun battery could safely lead 
ahead of planes and scare them off. This suggestion 
was vetoed as too risky, but by this time I had little 
conviction that orders to stay away from our area 
would be obeyed. 

Telephone communication from Trinity to Los 
Alamos was a time-consuming and frustrating ex- 
perience. Under the security rules the connection 
had to go through a special operator in Denver, 
identified by some such number as 15023, who 
would make the connection to Los Alamos without 
mentioning the name. If one ever got to this oper- 
ator, as usually the first operator encountered had 
never heard of 15023, one would be rewarded usu- 
ally with a very noisy line, full of cross-talk, which 
was frequently interrupted. Finally, late in May, 
we got a teletype connection. Until then, the great- 
est enjoyment we had and shared with the MPs, in 
whose office the telephone was located, was on those 
occasions when one of the group leaders in frustra- 
tion would shout louder and louder to be under- 
stood and, then, demand, "Diddle the operator, 
diddle the operator" — an attempt to have the re- 
cipient of the call take over the task of getting a 
better connection. 

Richard C. Tolman and General Thomas F. Farrell 
paid a visit later in May. They stayed in the in- 
firmary where there were civilized beds. The infir- 
mary was one end of a barracks building with an 
obscene sign above the entrance as an advertise- 
ment. They invited me in for a discussion and report 
on how things were going, asked what they could 
do to help, and gave me a friendly between-the- 
haves fight talk. Then they made an impossible 
request which, I believe, must have been Groves' 
idea originally. Essentially they ordered me to 
keep Robert Oppenheimer away from the tower and 
the bomb before the final test for his own safety, 
and not let him know I was trying to do it. No way! 
The bomb was Robert's baby and he would and did 
follow every detail of its development until the 
very end. 

The next day Jumbo was due to arrive. I drove 
Dick Tolman over the desert to greet our black ele- 
phant at the siding at Pope, the 5 by 6 by 8 foot 
shelter station on the Santa Fe. Soon the train 
came into view, an engine and tender, fiat car. 



4.0 sec. 

Jumbo on its special massive car, followed by an- 
other flat car, and the caboose housing the security 
men, guards, and train men. Security had ordained 
that a huge tarpaulin be strapped over Jumbo and 
down to the sides of the car. Sometime during the 
might, the huge bottle had been scraped by a signal 
tower, station roof, or something which had cut the 
tarpaulin all along one side. The security men 
seemed surprised and upset. 

Jumbo represented to many of us the physical 
manifestation of the lowest point in the Labora- 
tory's hopes for the success of an implosion bomb. It 
was a very weighty albatross around our necks. 
After we had welcomed Jumbo appropriately, Dick 
Tolman asked to take the wheel to drive back and 
we returned the 30 miles to Base Camp. 

We decided to put Jumbo 800 yards north by 
west away from Point Zero on the chance we 
wouldn't use it but could if necessary. The rehears- 
al shot had been located 800 yards on the south 
side of Zero. Our main layout was unencumbered to 
receive the 100-foot tower to support the bomb. 

Count Down 

Early in July, Oppenheimer had told me of the 
approaching meeting beginning July 15, of Tru- 
man, Churchill and Stalin. A successful test was a 
card which Truman had to have in his hand. 

The schedule for the test was such that as soon as the 
plutonium for the bomb was ready, everything else should 
be ready and the test would be held. There was a little de- 
lay but not much. Instructions from Washington were that 
no day was to be lost and it wasn't. The nuclear assembly 
and final explosives were completed at Alamogordo and the 
shot was scheduled for July 16. (R. F. Bacher, "Robert Op- 
penheimer," Proceedings of the American Philosophical 
Society. 116 (1972). 219.) 

E. M. Purcell and Victor Weisskopf showed theo- 
retically that the SCR-584 radar would probably 
have only a range of a mile or two, insufficient to 
follow the rise of the ball of fire expected after the 
detonation. A trial would be made anyhow, and the 
radar before the detonation still retained its impor- 
tant function of providing wind velocities at all 
levels as it followed balloons carrying small corner 
reflectors. 

We were fortunate to secure Captain Marvin Al- 
len who arranged for some Army searchlights to 
follow by simple triangulation the ball of fire and 
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mushroom cloud by night, or by day with an at- 
tached optical finder. No electrical pick-up troubles 
would be incurred as the searchlights were located 
miles away from Point Zero and the test area wir- 
ing. Precise location of the searchlights and radars 
was a necessity. With some further exploration, I 
found bench marks at several locations proving 
that not all the mapping of New Mexico had been 
done in the backrooms of frontier saloons, as fre- 
quently appeared to be the case. 

The ranch roads which Frank Oppenheimer and I 
had located, and mapped on orders from General 
Groves for use as escape routes from the Base 
Camp, were considered by the General impeissible 
in spots and were scraped for some miles. Frank 
and I were used to day or night driving in the 
desert and anything not traversed by arroyos had 
seemed serviceable to us. 

Herb Anderson's experiment required that one 
way or another samples of the earth in the crater 
would be collected as soon as possible after the 
bomb explosion. One hope had been to use a semi- 
rigid dirigible, or a blimp, to lower a grab bucket to 
pick up samples as a backup for the rockets. Unfor* 
tunately those available would not behave very 
well at the high altitude and desert temperature 
conditions with their bases so far away. The few 
helicopters available at that time (hdn't have 
enough operating leeway to do much beyond sup- 
port the pilot. We also had in mind a blimp or heli- 
copter as a rescue vehicle if we used a shielded 
tank to recover samples of sand. If the tank should 
get stuck in highly radioactive sand, it would be 
well to get the driver and scientist-passenger out of 
there in a hurry. As the aerial rescue methods were 
canceled out, preparations were made to shield two 
tanks with lead, one for the reconnaissance and one 
held in reserve as a rescue vehicle. Unfortunately 
on July 16, only one tank was operative. 

Activities had quieted down somewhat on the 
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15th. One or two weeks of rehearsals and timing 

trials were coming to a close except for a few 
groups who had more difficult measurements to 
perform. The bomb was now on the tower and the 
Base Camp was bulging so that many people who 
had worked hard at Los Alamos and had every 
right to witness the test were required to go to a 
location at Compagna Hills about 20 miles away 
from Point Zero. David Dow was in charge of that 
site and had a shortwave radio to hear the final « 
countdown at the frequency for ground-to-B-29 com- 
munication from S 10,000. The frequency was meant 
to be different from that of any licensed station. 
Unfortunately, Security had allotted us the Voice 
of America's flrequency. Our FM radios, which sev- 
eral guard stations, the Base Camp and many jeeps 
and cars were equipped with for local communica- 
tion, had been assigned the frequency of the rail- 
road freight yard in San Antonio, Texas. Though 
far away, we could hear them shifting freight cars 
by number and presumed that they could hear us. 
Tlie Socorro Airport listened in too. 

Sunday supper, July 15, ended in a general meet- 
ing at which a colonel on General Groves' staff 
gave suggestions on how to avoid eye damage, be- 
ing knocked down by the blast, and how to evacu- . 
ate the Base if fall-out came that way. 2 

I had been in the test area nearly all day. Back 
at the Base I was fiuious to hear of discussions of 
the possibility that the atmosphere might be deto- 
nated. This possibility had been discussed at Lx)s 
Alamos and had been quashed by intensive studies 
of all possibilities by Hans Bethe and others. It was 
thoughtless bravado to bring up the subject as a ^ 
table and barracks topic before soldiers unac- 
quainted with nuclear physics and with the results 
(rf'Bethe's studies. 

The idea of runaway nuclear energy was not 
new. In 1903 Rutherford had quipped, "Some fool in 
a laboratory might blow up llie universe un- 
awares." A. S. Eddington in 1920 first suggested 
that the source of the Sun's energy might be the 
conversion of hydrogen to helium. Commenting on 1 
this in 1922, Aston wrote on the general problem of 
nuclear energy, and on fusion particularly: 

Should the research worker of the future discover some 
means of releasing this energy in a form «4iich could be 
onployed, the human race will have at its command pow- 
ers beyond the dreams of scientific fiction: but the remote 
possibility mmt always be considered that the energy once 
liberated will be completely uncontrollable and by its in- 
tense violenoe detonate all neighbouring substances. In 
this event the whole of the hydn^n on tte earth might be 
transformed at once and the success of the ezperimmt pub- 
lished at large to the universe as a new star. (F. W. Aston, 
Isotopes (London: Edward Arnold and Co., 1922).) 

"Neighboring substances" certainly included the 
atmosphere. We all put our faith in Bethe. 

My personal nightmare was knowing that if the 
bomb didn't go off or hangfired, I, as head of the 
test, would have to go to the tower first and seek to 
find out what had gone wrong. I had had a minor 
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taste of this sort of thing. At Los Alamos I partici- 
pated in a test on a full-scale implosion bomb with 
an inert core. The idea of that test was to shoot 20- 
mm cannon shells into the explosive-containing 
casing as a test of what Japanese fighter pilots 
might do to a real bomb over Japsutii. Shots were 
fired and the explosive lens assembly did not blow 
up. 

Roger Warner, who was one of those with me at 
the time, and I waited for what I thought was a 
long enough time. We then walked out of our pro- 
tective barricade to inspect the damage, but soon 
after we left smoke started to curl out of the holes 
ill the casing. This induced a rapid retreat to shel- 
ter. Nothing more happened for a loof^ time so we 
withdrew to let the bomb sit for a few hours. Later 
we did inspect it, and blew it up to get rid of it. 
Apparently, a direct hit on a detonator might be 
necessary to make the bomb blow up, but a fire 
could do equally well in the case of a confined ex- 
plosive. The smoke we had seen earlier indicated 
that by good luck only a small amount of explosive 
had burned. 

Arming Party 

The first possible time for the detonation of the 
real bomb had been set for 2 a.m. July 16. and the 
Arming Party was scheduled to arrive at Point 
Zero— the tower supporting the bomb— before 11 
p.m. July 15. At that hour, Don Homig would con- 
nect the cables to the bomb and detach the detonat- 
ing unit used in rehearsals. Inasmuch as Louis 
Hempelmann, Paul Aebersold and I were the "Entry 
Permission Group," which was formed to decide 
who might enter the test area to recover records 
after a survey had been made ol levels of radioac- 
tivity following the blast, I had no idea when I 
could finally return to barracks on the 16th. So 
about 8 p.m. on the 15th, all duties having been 
fulfilled to that time except the ultimate one of 
arming the bomb, I asked the M.P. Sergeant on 
duty to wake me up at 10 p.m. and went to my bar- 
racks to get some sleep. The weather prognosis was 
poor. 

When the time came to go to Point Zero, I drove 

Joe McKibben and Kistiakowsky in my car; I had 
selected them to be in the Arming Party. Jack 
Hubbard, Sergeants W. Stewart and J. C. Alder- 
son— the weather group — went in a truck or car 
with their equipment. Bush and Sgt. Lloyd took a 
third vehicle; they were there, I believe under Gen- 
eral Groves' orders, to prevent possible last-minute 
sabotage attempts and give assistance if needed. 
On the way in, I stopped at S 10,000 and lodced 



the main sequence timing switches. Pocketing the 
key I returned to the car and continued to Point 
Zero. Soon after our arrival, Homig completed his 
work and returned to S 10,000. Homig was the last 
man to leave the top of the tower. 

The weather men got to work with their instru- 
ments and balloons to get the wind speed and direc- 
tion, humidity and temperature at all levels to 
20,000 feet above our ground location (5,000 feet 
above sea level). 

Sporadic rain was a disturbing factor. Every once 
in a while Bush or Lloyd would flick a flashU^t 
around the tower, or one of us would leave the car 
to see that no activity was going on except the work 
of the weather group. Kisty went to the first land- 
ing on the tower to re-adjust a light as an aiming 
point reference for the cameras at W 10,000. Jack 
Hubbard gave progressive forecasts well ahead of 
the possible time for detonation. At midnight our 
earliest possible 2 a.m. shot had to be canceled. 
Soon everyone was told to get out of the test area as 
we might shoot at 4 a.m. Then zero time set for 4 
a.m. was washed out. A telephone on one leg of the 
tower was linked to Williams at S 10,000. When it 
got too wet at the telephone, I would return to the 
car near the tower in which Bush, Lloyd, Kisty, 
and McKibben were located. If Williams had some- 
thing to report, he called me by radio and I could 
return to the telephone. Security. 

We had none of the lightning reported by those 
at the Base Camp about 16,000 yard away or at S 
10.000. but it made interesting conversation as 
many of the wires from N,S,W 10,000 ended at the 
tower. Williams insulated me from whatever the 
tensions were at S 10,000. Finally, just before 4:45 
a.m., Hubbard gave me a complete weather report 
and a prediction that at 5:30 a.m. the weather at 
Point Zero would be possible but not ideal. We 
would have preferred no inversion layer at 17,000 
feet but not at the expense of waiting over half a 
day. I called Oppenheimer and General Farrell to 
get their agreement that 5:30 a.m. would be T = 0. 

Then Williams came to the phone. We had ar- 
ranged that I would report each step taken in the 
arming process so that if anything went wrong, he 
would know what had been at fault. I drove Mc- 
Kibben to W 900 so that he could throw the timing 
and sequence switdies there while I checked cff his 
list. Returning to the base of the tower. I reported 
to Williams again and threw the special arming 
switch which was not on McKibben's lines. Until 
this switch was closed the bomb could not be deto- 
nated from S 10,000. The final task was to switch 
on a string of lights on the ground which were to 
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serve as an "aiming point" for a B-29 practice 
bombing run. The Air Force wanted to know what 
the blast effects would be like on a plane 30,000 
feet up and some miles away, simulating a bomb 
drop and scramble from the target area. The plane, 
dodging tiiunderheads, was not in proper posi- 
tion, but was 15 or 20 miles away when the bomb 
went off. 

After turning on the lights, I returned to my car 
and drove to S 10,000, arriving about 5:00 a.m. The 
next step was to broadcast the wind velocity and 
elevation data to Compagna Hills, N and W 10,000. 
With the weather the way it was, only the higher 
elevation data was good at points other than Point 
Zero. 

I unlocked the master switches and McKibben 
started the timing sequence at -20 minutes, 5:09: 

45 a.m. At -45 seconds a more precise automatic 
timer took over. At the final seconds another cir- 
cuit, designed by Titterton, sent out electronically- 
timed signals for the still more precise pulses need- 
ed by many special instruments. 

At -30 seconds I left the S 10,000 shelter and 
found Bill Elmore 20 yards away, who let me use a 
section of his sheet of foam rubber to lie down on. 
We all had welder's goggles and I looked in the 
direction of Little Bvurro Peak which was to the 
right and behind me. 

The bomb detonated at T = 0= 5:29:45 a.m. I felt 
the heat on the back of my neck, disturbingly 
warm. Much more light was emitted by the bomb 
than predicted, the only important prediction 
which was oflF by a good factor. When the reflected 
flare died down, I looked at Oscuro Peak which was 
nearer Zero. When the reflected light diminished 
there I looked directly at the ball of fire through 
the goggles. Finally I could remove tiie gt^les and 
watch the ball of fire rise rapidly. It was surround- 
ed by a huge cloud of transparent purplish air pro- 
duced in part by the radiations from the bomb and 
its fission products. No one who saw it could forget 
it, a foul and awesome display. 

I had a feeling of exhilaration that the "gadget" 
had gone off properly followed by one of deep relief. 
I wouldn't have to go to the tower to see what had 
gone wron^ I wouldn't worry any longer: Had 
everything been properly anticipated? Was there 
one lousy soldered joint whidi had separated for 
some reason? Had some important circuit grounded 
because of the rain? Had someone in the final hours 
of activity, handicapped by fatigue, gotten careless 
and made the wrong connection or substituted a 
dummy unit used in rehearsals for the proper final 
unit? 
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After the blast wave had passed, I got up from 
the groimd to congratulate Oppenheimer and 
others on the success of the implosion method. I 
finished by saying to Robert, "Now we are all sons 
of bitches." Years later he recalled my words and 
wrote me, "We do not have to explain them to any- 
one." I think that I will always respect his state- 
ment, although there have been some imaginative 
people who somehow can't or won't put the state- 
ment in context and get the whole interpretation. 
Oppenheimer told my younger daughter in 1966 
that it was the best thing anyone said after the 
test. 

Within an hour only a small group remained at S 
10,000. The rest had returned to the Base Camp 
three miles away. 

After the ball of fire had gone into the 30,000 to 

35,000 foot region, it was apparent with increasing 
daylight that some radioactivity had been trapped 
below the 17,000-foot above-ground inversion layer 
which Jack Hubbard had observed by his weather 
balloon measurements. We also knew that when 
tile Sun rose, cool air came dovm into the valley. I 
remember some rapid calculations of the hazards 
assuming that a small percentage of the fission 
products would be caught in a volume of air 3 miles 
high, 6 miles wide, and 12 miles long. Two or three 
hours after the explosion, when the Sun heated the 
central valley air. Hempelmann's counters began 
to click more and more rapidly at S 10,000. We put 
on dust masks as the coimting rate increased. Final- 
ly the radioactivity decreased as the air was slowly 
swept away. 

J. Cr. Hoflman or Aebersold made survejrs of the 

roads to Base and the Compagna Hills and one of 
them went with me on the two roads leading from 
W 10,000 and S 10,000 to Point Zero. When the 
radioactivity on the ground approached a danger- 
ous level we turned around and came back to S 
10,000. It was apparent that few of the records bur- 
ied in protective bunkers could be recovered that 
day. Also the success of the test and some immedi- 
ately available test results meant that there was no 
great hurry anyway. The only entry to the vicinity 
^the crater would be made by Sgt. Bill Smith and 
Herb Anderson in the shielded tank, so Hempel- 
mann and I didn't have much more to do after the 
tank returned safely from the hazardous trip. 

I sot into my car at about 3 p.m., straying off the 
road once, and returned to my bunk to sleep it off. I 
did chance to see E. O. Lawrence who, after con- 
gratulations, gave me a present of a bottle of pre- 
cious bourbon which was hoarded until I could ap- 
preciate it. □ 
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The passage of the National 
Environmental Policy Act of 1969 
(NEPA) and the 1972 act creating 
a Congressional Office of Technol- 
ogy Assessment (OTA) are two of 
the most significant events in the 
evolution of American technology 
policy. The legislation indicates 
that a culture long weaned on the 
faith that technological advance 
automatically leads to social satis- 
faction is moving through a winter 
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of discontent over the many nega- 
tive consequences of technology. 
As a society, we are going beyond 
the traditional questions put to 
technologies — are they technically 
feasible and economically profit- 
able—to ponder whether they are 
socially desirable. Moreover, desir- 
ability is to be determined by sys- 
tematically looking at the widest 
possible range of technological 
impacts that are both intended 
and unintended, direct and indi- 
rect. Such is the mission behind 
the label "Technology Assess- 
ment" (TA). The question before 
us is to what extent has the spring 
of TA arrived: Is technology as- 
sessment ready to cast its light 
upon the policy-making processes 
of society? 

Assessment of the potential 
consequences of technological 
changes has been practiced histori- 
cally in such forms as engineering 
and marketing analyses and has 
been incorporated into various 
business and governmental pro- 
cesses. The notion has been ex- 
tended in scope by the provisions 
in NEPA for environmental im- 
pact statements. Now, a new body 
of literature, prompted largely by 
Congressional initiative, is con- 
cerned with the extension and in- 
tegration of such efforts to assess 
the probable impacts of technolog- 
ical alternatives. The present bar- 
rage of four volumes has been 
preceded by various publications 
including key reports by the Na- 
tional Academy of Sciences, Na- 
tional Academy of Engineering, 
the Library of Congress, the 
MITRE Corporation, an antholo- 
gy edited by Raphael Kasper, as 
well as a new journal, Technology 
Assessment. 




This literature addresses infor- 
mation needs for several audi- 
ences— asses.sors, the users of 
assessments, government admin- 
istrators, corporate managers, 
teachers and students, special in- 
terest groups, and numerous pub- 
lics. These different audiences 
variously recjuire information on 
such aspects of TA as the problems 
and opportunities that technology 
poses for society (that fostered 
TA); historical development; and 
present concepts, methods, and 
state of the assessment art. We 
assess the four works against these 
perceived reader needs. 

The four volumes frame TA in 
different contexts. Stober and 
Schumacher treat TA in terms of 
its relationship to the quality of 
life; Medford nominally views it in 
terms of environmental concerns, 
but the treatment is primarily eco- 
nomic; Hetman tries to be eclectic 
in his view, although he, as Med- 
ford. is rather economically orient- 
ed; Cetron and Bartocha present 
TA from multiple jierspectives. 

The books are not only interest- 
ing for what they choose to include 
and how they do it but also for 
what they choose to deemphasize 
or omit. The authors all share an 
international vantage point from 
which they advocate TA, although 
they are mindful of its present lim- 
itations. With the exception of 
Medford, however, the books all 
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lack careful organization, editing, 
indexing, and clarity of writing. It 
is as if each were rushing to be first 
in print. In a substantive vein, we 
found several elements generally 
underdeveloped: implications of 
the weak theoretical and empirical 
base for TA, ramifications of ex- 
tending benefit-cost analysis to less 
objective measures, difficulties in 
valuing the trade-offs in impacts 
identified, and concern with the 
special needs of potential users of 
TA, particularly affected publics. 
Above all, the authors do not indi- 
cate how the success or failure of 
TA can be gauged. 

Hetman's Society ami the Assess- 
ment of Technology provides the 
most concise and comprehensive 
treatment of the information areas 
noted previously. It is the textbook 
of choice (in terms of price as well 
as content). Hetman's synthesis of 
an imjx)sing amount of useful 
material employs an assortment of 
frameworks to set forth concep- 
tual, methodological, institutional, 
and user considerations. Most sig- 
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nificant, he provides detail suffi- 
cient to guide the reader's first at- 
tempts at application. He also rais- 
es the key issues: generating rele- 
vant data within the constraints of 
available knowledge, time, man- 
power and money; realistically 
deriving inferences from such 
data; and finally estimating the 
appropriate degree of confidence 
for such inferences. Most impor- 
tant, he clearly recognizes that TA 
is "putting values to technologies." 
However the entire effort reads 
like a draft. But it is a usable book 
that will hopefully warrant a sec- 
ond edition to provide Hetman 
the opportunity to polish it into a 
first-rate text. 

Medford's book Eni'ironmcntal 
Harmssment OR Technology Assess- 
ment is not as comprehensive as 
Hetman's, but in certain areas it is 
exacting and stimulating. Al- 
though Medford never addresses 
the title of his book, he does dis- 
cuss the historical development of 
NEPA and OTA. The role of in- 
formation search activities is inter- 
estingly highlighted. 

What Medford does best is to 
elaborate mathematical tech- 
niques, including benefit-cost, 
cost-effectiveness, technological 
f orecasting, and models f or assess- 
ment of basic research. This makes 
for heavy reading at times, how- 
ever. Overall. Medford provides a 
valuable quantitative rigor but not 
a consoliciated. broad perspective. 

Cetron and Bartocha's Technol- 
ogy Assessment in a Dynamic Environ- 
ment is a massive anthology suffer- 
ing from an uneven selection and 
an organization that defies com- 
prehension. Nonetheless, it offers 
a considerable number of valuable 
pieces, many reprinted. 

Stober and Schumacher's collec- 



tion. Technology Assessment and the 
Quality of Life, fulfills one impor- 
tant function. It places TA in jux- 
taposition with the notion of qual- 
ity of life indicators (social indica- 
tors), thereby emphasizing the 
necessity of social, as contrasted to 
purely economic, assessment. In 
addition for those readers who 
enjoy conferences, here is one in 
print, the Fourth General Confer- 
ence of Salzburg Assembly: /mpact 
of the A'ew Technology (SAINT). 

If these books fall short of ex- 
pectation, the cause lies in part 
with the state of development of 
technology assessment. The au- 
thors had to deal with TA's unre- 
solved needs for greater knowl- 
edge about the interrelationships 
of complex physical and social sys- 
tems, conceptual clarification of its 
scope and substance, successful 
adaptation of the sundry tech- 
niques into viafile coherent meth- 
odologies, and evaluation of the 
practical effectiveness of alterna- 
tive methodologies. 

We share the authors' optimism 
for the success of technolog)' as- 
sessment. However, TA's develop- 
ment into an important influence 
will depend first on the fullfillment 
of those iniresolved needs by the 
assessors. Second, no matter how 
competent the analysis, it will only 
coiuit (for better or for worse) if 
it affects the decision-making pro- 
cesses. Responsibility for the as- 
sessment of technology assessment 
hence rests with both the practi- 
tioners and their clients. Because 
of society's critical need to deal 
more wisely and humanely with 
technological change, those of us 
betting on TA's ability to improve 
decision-making — and hence the 
quality-of-life — hope that the TA 
ground-hog bodes an early spring. 



Genetics at the crossroads 



"(ienetic Fix," by Amitai Etzioni. 
Macmillan, New York, 1973. 
276 pages. $7.95. 

Reviewed by 
R. D. O'Brien 

The decision to press ahead with 
research to create nuclear bombs 



was made by a few individuals dur- 
ing a period of extraordinary 
stress. Biology is on the verge of 
presenting us with other decisions 
of tremendous moment, particu- 
larly in the area of manipulation of 
human genetic material, which is 
the topic covered by this b)ook. But 
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these decisions are being debated 

It openly and internationally and the 

bifr decisions will be made by legis- 
latures, caught in a tross-hre be- 
tween a soniciinies uninformed 
public and a body of scientists fac- 
ing conflicts between their eager- 
ness to understand and the possi- 
ble social consequences of such 
» understandings. Genetic Fix is an 
accoiinl oi important basic facts 
about the status of human genetic 
engineering and the attitudes of a 
distinguished groii]) of biological 
and social scienlisls to those facts, 
as evaluated by one of them. 

Autobiographical Novel 

This is a remarkable book in 
several ways. It may be the only 
readable book ever to be based 
upon a scientific conference.* Etzi- 
oni is not a practitioner of the sub- 
ject-mattci' of the conference: he is 
a sociologist, not a biologist. The 
book is a blow-by-blow account of 

^ the ( onference. hul Ftzioni brings 
together what each participant 
■ said and how the audience re- 
sponded with how he feels about 
it. All this is set in the form, with 
something of the style, of an auto- 
biographical novel — with no short- 
age of pithy comment. Vor ex- 

^ ample, speaking of J. Lejeune's 
response to one paper. F.t/ioni re- 
marks: "Like many true believers, 
who come to meetings primarily to 
make their own opinions felt, he 
unrolled his banner whenever the 
opportunity arose." 

The earthy commonsense re- 

^ marks in this book are refreshing 
alter the piofmidities of theolo- 
gians and scientists on this subject. 
For example, speaking of the 
possible threat which embryo 
transplants pose to the sanctity 
of the family, he says, "If the 
familv survived several million in- 
stances of adultery a year, would 
sev(M al thousand test-tube matings 
undo it?" 

Etzioni deliberately avoids di- 
daaic conclusions. And the scien- 



*The conference, "Recent Progress in 
Biology and Medicine - Its Social and Ethi- 
cal ImplicatkMU," was sponsored by the 
Council for International Organizations of 
Medical Sciences (estabUshed under the 
auspices of the World Health Organization 
(WHO) and UNESCO), and hdd in Sep- 
tember 1972 in Paris. 



tific facts in the book will be known 

to all who read Newsweek and the 
New York Times conscientiously. 
Indeed, as tlie book was published 
in 1973, such readers would be 
ahead of the book in this fast- 
moving field. But the basic ethical 
|)rob!ems are chronic, touching on 
a whole variety of questions: 
Should we attempt to breed a su- 
perior race-- On which day does a 
human egg, embryo, fetus or new- 
bom acquire legal rights, so that its 
disposal (if imperfect) can be per- 
formed with equanimity? Is it 
proper to buy a tiny frozen em- 
bryo to have it implanted (perhaps 
in a 'mercenary'), so that one can 
choose one's child's haii color, size 
and IQ? Is there, in this era of 
adoptions and overpopulation, a 
right to reproduce? If there is not, 
then is it proper to allocate the 
financial and human resources of 
medicine to the problem of infer- 
tility, as if it were an illness? 
Should the increasing predictive 
value of amniocentesis (sampling 
of the amniouc fluid to study the 
fetus' chromosomes) be used, 
along with abortion, not only to 
reject mongoloid fetuses but to 
permit other choices (es[)ecially 
sex), which chromosomal studies 
can reveal? 

Etzioni backs the various pro- 
posals recommended at the con- 
ference—at both national and in- 
ternational levels — for standing 
commissions, such as a National 
Board of Biomedical Research 
Ethics in the United States, or an 
"international nongovernmental 
body to explore and study the 
moral and social issues raised by 
new and forthcoming develop- 
ments in biology and medicine." 
But WHO and UNESCO declined 
to 'be identified with its creation 
or direct support." Since the book 

was |>ul>lislictf, liowcvci'. the V. S. 
(Congress has enacted legislation to 
establish the National Commission 
for the Protection of Human Sub- 
jects of Biomedical and Behavioral 
Research. At least some of Et/i- 
oni's concerns come under the 
purview of this group. 



R.D. O'Brien is Director of the 
Division of Biological Sciences, 
Cornell University. 
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REMEMBERING 
THE 
BULLETIN 

As a non-profit endeavor, 
the Bulletin of the Atomic 
Scientists depends for its 
continued effectiveness on 
the contributions of its many 
friends and readers. Remem- 
bering the Bulletin in your 
will can be a fitting way of 
making an enduring contri- 
bution to the magazine and 
its important work. 

Biicjuests should be made 
payable to the Educational 
Foundation for Nuclear Sci- 
ence, Inc.. which publishes 
the Bulletin. They are fully 
tax-deductible for federal 
estate tax purposes. The fol- 
lowing wording is suggested 
for general purpose be- 
quests: "I give, devise and 
bequeath to the Educational 
Foundation for Nuclear Sci- 
ence, Inc., a not-for-profit 
corporation under the laws 
of the State of Illinois, and 
having the principal office at 
1020-24 East 58th St., Chica- 
go, 111. 60637, the sum of 
$ , or the following de- 
scribed property, , to 

be used for its general pur- 
pose." 

Individual circumstances 

c:un iiffoet tlio nature of your 
bequest. I^or additional in- 
formation considt your at- 
torney or the Bulletin office. 
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